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Vignerons,  Vincennes,  France. 
*Marson,  R.  D. 

Exhibitors'     Supply     Co.,    67     Church    St., 
Boston,  Mass. 
*Mayer,  Max 

M.  J.  Wohl  &  Co.,  Payntar  Ave.,  Long  Island 
City,  N.  Y. 
*Mechau,  Emil 

E.  Leitz  Inc.,  Rastatt,  Germany. 
*Mees,  Dr.  C.  E.  K. 

Eastman  Kodak  Co.,  Rochester,  N.  Y. 


Meeser,  George  C. 
Phila.  Theatre  Equip.  Co.,  262  N.  13th  St., 
Philadelphia,  Pa. 
♦Mitchell,  George  A. 

Mitchell  Camera   Co.,   6019   Santa   Monica 
Blvd.,  Los  Angeles. 
*Mitchell,  John  R. 

Beacon  Projector  Co.,   521  West  57th  St., 
N.  Y.  C. 
*Moen,  L.  C. 

Motion  Picture  News,  729  7th  Ave.,  N.  Y.  C. 
*Moreno,  Francisco 

Crespo  10,  Havana,  Cuba. 
*Mott,  W.  R. 

Union   Carbide   &   Carbon   Research   Lab., 
Long  Tsland  City,  N.  Y. 
*Murphy,  E.  F. 

Universal  Film  Mfg.  Co.,  Fort  Lee,  N.  J. 

*Nelson,  E.  Wm. 

Wilart  Instrument  Co.,   25  West  43rd   St., 
N.  Y.  C. 
Nelson,  Otto 

National  Cash  Register  Co.,  Dayton,  Ohio. 
*Nixon,  Ivan  L. 

Bausch    &    Lomb    Optical    Co.,    Rochester, 
N.  Y. 
*Norrish,  B.  E. 

Albee  Bldg.,  12  Mayor  St.,  Montreal,  Canada. 
*0'Brien,  Harold  F. 

Electrical  Products  Co.,   1134  West  16th  St., 
Los  Angeles,  Cal. 
Oakley,  Norman  F. 
DuPont  de  Nemours  &  Co.,  Parlin,  N.  J. 
*Ott,  H.  N. 

Spencer  Lens  Co.,  Buffalo,  N.  Y. 
*Palmer,  M.  W. 

Famous  Players  Lasky  Corp.,  6th  &  Pierce 
Aves.,  L.  I.  C,  N.  Y. 

*  Patterson,  Wm.  L. 

Bausch    &    Lomb    Optical    Co.,    Rochester, 
N.  Y. 
Peck,  R.  S 
Dept.  of  Exhibits,  Dept.  of  Trade  &  Com- 
merce, Ottawa,  Canada. 
Pennow,  W.  A. 

208  South  St.,  Oconomowoc,  Wis. 
Perkins,  E.  G. 
704  Dollar  Bank  Bldg.,  Youngstown,  Ohio. 
*Peters,  Thomas  K. 

802  S.  Grand  Ave.,  Los  Angeles,  Cal. 
Peyton,  John  T. 

116  S.  Hudson  St.,  Oklahoma  City,  Okla. 
Pomeroy,  Roy  J. 
Famous  Players  Lasky  Studio,  1520  Vine  St., 
Hollywood,  Cal. 
*Porter,  E.  M. 

Precision   Machine   Co.,  317   East  34th  St., 
N.  Y.  C. 

*PORTER,  E.   S. 

Precision   Machine   Co.,    317  East  34th  St., 
N.  Y.  C. 

*PoRTER,  L.   C. 

Edison  Lamp  Works,  Harrison,  N.  J. 
*Powrie,  John  H. 

Warner     Research     Lab.,     461     8th    Ave., 
N.  Y.  C. 
Pratchett,  A.  B. 
Caribbean  Film   Co.,   Animas    18,   Havana, 
Cuba. 
*Proctor,  B.  A 

25  West  45th  St.,  New  York  City. 
*Quinlan,  Walter 

Fox  Film  Corp.,  West  55th  St.  and  10th  Ave., 
N.  Y.  C. 
*Rabbell,  Wm.  H. 

729  7th  Ave.,  N.  Y.  C. 
Ransdell,  Russell  R. 
Kansas  City  M  &  S.  Co.,  813  Walnut  St., 
Kansas  City,  Mo. 
Rauch,  J.  Lee 
Robertson    Cole    Studio,    780    Gower    St., 
Los  Angeles. 

*  Active  member. 


*Redpath,  Wm. 

156  King  St.  W.,  Toronto,  Canada. 
*Reich,  Carl  J. 

99  Hickory  St.,  Rochester,  N.  Y. 
*Rembusch,  Frank 

Rembusch  Screen  Co.,  Shelby ville,  Ind. 
Renwick,  F.  F. 
Dupont  DeNemours  Co.,  Parlin,  N.  J. 
*Richards,  Thomas  T. 

Wagner  Elec.  Mfg.  Co.,  6400  Plymouth  Ave., 
St.  Louis,  Mo. 
*  Richardson,  Frank  H 

Moving    Picture    World,     516     5th     Ave., 
N.  Y.  C. 
*Roebuck,  A.  C. 

Enterprise  Optical  Mfg.  Co.,  564  W.  Ran- 
dolph St.,  Chicago. 
Rogers,  Rowland 
Picture   Service   Corp.,   71   West   23rd   St., 
N.  Y.  C. 
*Rogers,  Stephen  C. 

General  Electric  Co.,  West  Lynn,  Mass. 
*Rose,  S.  G. 

Victor  Animatograph  Co.,  Davenport,  Iowa. 
*Rossman,  Earl  W. 

1630  St.  Nicholas  Ave.,  N.  Y.  C. 

*ROTHACKER,  W.   R. 

1339  Diversey  Parkway,  Chicago,  111. 
*Rothapfel,  S.  L. 

Capitol  Theatre,  New  York  City. 
Rudolph,  Wm.  Fred 
Lasky   Realart   Studio,   201    N.    Occidental 
Blvd.,  Los  Angeles. 
*Runcie,  Walter  O. 

Novagraph  Film  Corp.,   25  West  45th  St., 
N.  Y.  C. 

*Sarvas,  Otto 

2834   Grand   Central  Terminal,    New   York 
City. 
*Schlicker,  Herman  C. 

410  10th  St.,  Milwaukee,  Wis. 
Schmitz,  Ernest  C. 
Kodak  Co.  Cine  Dept.,  39  Ave.  Montaigne, 
Paris,  France. 
Sherman,  Harry 
Local  306,  M.  P.  M.  O.,  101  West  45th  St., 
N.  Y.  C. 
*Sistrom,  William 

International    Film    Service,    2478    Second 
Ave.,  N.  Y.  C. 
Sloman,  Cheri  M. 
761  Wick  Ave.,  Youngstown,  Ohio 
*Smith,  Will  C. 

U.  T.  E.,  729  7th  Ave.,  N.  Y.  C. 
*Speer,  J.  S. 

Speer  Carbon  Co.,  St.  Marys,  Pa. 
*States,  Wm.  M. 

Edison  Lamp  Works,  Harrison,    N.  J. 
*Stechbart,  Bruno 

American     Projecting     Co.,     6229     Bway., 
Chicago,  111. 
*Stewart,  Frank  H. 

4416  North  15th  St.,  Philadelphia,  Pa. 
*Story,  Dr.  W.  E.,  Jr. 

Clark  University,  Worcester,  Mass. 
*Summers,  John  A. 

Edison  Lamp  Works,  Harrison,  N.  J. 

*Theiss,  John  R. 

DuPont  Co.,  Box  144,  Parlin,  N.  J. 
Thomas,  A.  L. 

Box  215,  Auburn,  Ala. 
Toplipf,  George  W. 
Ansco  Co.,  Binghamton,  N.  Y. 
*Tsao,  C.  K. 

106  S.  Van  Buren  St ,  Moscow,  Idaho. 

*Urban,  Charles 

71  West  23rd  St.,  N.  Y.  C. 

Victor,  A.  F. 

50  West  67th  St.,  N.  Y.  C. 
Vinten,  Wm.  Chas. 

89  Wardour  St.,  London,  W.  1,  England. 
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Walker,  Thomas  F.  *Wible,  Harvey  M. 

601  West  168th  St.,  N.  Y.  C.  Westinghouse  Elec.  &  Mfg.  Co.,  E.  Pittsburg, 

*Waller,  Fred  J.  Pa. 

Famous  Players  Lasky  Corp.,  7th  &  Pierce,  *  Williamson,  C.  M. 

L.  I.  City,  N.  Y.  Williamson   Kinematograph   Co.,   Willesden 

*Westcott,  W.  B.  Green,  N.  W.  10,  London,  England. 

Technicolor  M.  P.  Corp.,  110  Brookline  Ave.,  *Wilson,  A.  R. 

Boston.  Mass.  930  St.  Nicholas  Ave.,  N.  Y.  C. 

*White,  J.  Roger  *Wollensack,  John  C. 

Graphoscope  Co.,  49  Mechanic  St.,  Newark,  Wollensack  Optical  Co.,  Rochester.  N.  Y. 

N.  J.  Wooster,  Julian  B. 

*White,  S.  B.  115  Broadway,  N.  Y,  C. 

7  Eddy  St.,  Providence,  R.  I.  *Ziebarth,  C.  A. 

1801  Larchmont  Ave.,  Chicago,  111. 


*  Active  member. 
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CONSTITUTION  AND  BY-LAWS 

Society  of  Motion  Picture  Engineers 

May  1923 

Name 

1.  The  name  of  this  association  shall  be  Society  of  Motion 
Picture  Engineers. 

Objects 

2.  Its  object  shall  be:  Advancement  in  the  theory  and  practice 
of  motion  picture  engineering  and  the  allied  arts  and  sciences,  the 
standardization  of  the  mechanisms  and  practices  employed  therein, 
and  the  maintenance  of  a  high  professional  standing  among  its 
members. 

Membership 

3.  The  membership  of  the  Society  shall  consist  of  Pioneer 
Members,  Honorary  Members,  Active  Members  and  Associate 
Members.  A  Pioneer  Member  is  defined  as  one  who  was  in  the  art 
as  a  principal  fifteen  years  or  more  antedating  the  time  of  the  organi- 
zation of  this  Society;  an  Honorary  Member  as  one  who  has  been 
actively  engaged  in  designing,  developing  or  manufacturing  materials, 
mechanisms  or  processes  used  in  this  or  allied  arts  for  more  than  ten 
years;  an  Active  Member  as  one  who  shall  not  be  less  than  25  years 
of  age  and  shall  be: 

(a)  A  motion  picture  engineer  by  profession.  He  shall 
have  been  in  the  practice  of  his  profession  for  a  period  of  at 
least  three  years  and  shall  have  taken  responsibility  for  the 
design,  installation  or  operation  of  systems  or  apparatus  per- 
taining to  the  motion  picture  industry. 

(b)  A  person  regularly  employed  in  motion  picture  or 
closely  allied  work,  who  by  his  inventions  or  proficiency  in 
motion  picture  science  or  as  an  executive  of  a  motion  picture 
enterprise  of  large  scope,  has  attained  a  recognized  standing 
in  the  motion  picture  art.  In  the  case  of  such  an  executive, 
the  applicant  must  be  qualified  to  take  full  charge  of  the 
broader  features  of  motion  picture  engineering  involved  in 
the  work  under  his  direction. 

An  Associate  Member  as  one  who  shall  not  be  less  than  21 
years  of  age,  and  shall  be  a  person  who  is  interested  in  or  connected 
with  the  study  of  motion  picture  technical  problems  or  the  applica- 
tion of  same. 

Eligibility 

4.  Any  person  of  good  character  may  be  a  member  in  any  or  all 
classes  to  which  he  is  eligible. 

Prospective  members  for  Active  Membership  shall  be  recom- 
mended in  writing  by  at  least  two  Active  members  in  good  standing, 
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and  for  Associate  Membership  by  at  least  one  Active  member  in 
good  standing,  and  may  be  elected  only  by  the  unanimous  vote  of  the 
members  of  the  Board  of  Governors  in  session. 

Applications 

5.  All  applications  for  membership  or  transfers  shall  be  made 
on  blank  forms  provided  for  the  purpose,  and  shall  be  accompanied 
by  the  required  fee. 

The  entrance  fee  shall  be  thirty-five  dollars  ($35 .  00)  for  admis- 
sion to  the  grade  of  Active  Member,  and  ten  dollars  ($10.00)  for 
admission  to  the  grade  of  Associate  Member. 

The  transfer  fee  from  Associate  to  Active  grade  shall  be  the 
difference  between  the  admission  fee  or  twenty-five  dollars  ($25 .  00) . 

The  annual  dues  shall  be  twenty  dollars  ($20.00)  for  Active 
Members,  and  ten  dollars  ($10.00)  for  Associate  Members,  payable 
on  or  before  October  1st  of  each  year. 

Active  Members  and  Associate  Members  elected  by  the  Board  of 
Governors,  prior  to,  or  at  the  Spring  meeting,  shall  pay  the  full 
annual  dues,  and  those  elected  after  the  Spring  meeting  and  prior 
to  the  Fall  meeting,  shall  pay  half  annual  dues. 

The  dues  for  Pioneer  Members  shall  be  $250  and  its  payment 
exempts  the  member  from  all  future  dues. 

The  dues  for  Honorary  Members  shall  be  $100  and  its  payment 
exempts  the  member  from  all  future  dues. 

Officers 

6.  The  officers  of  the  Society  shall  be  a  President,  the  Past 
President,  two  Vice-Presidents,  a  Secretary,  a  Treasurer,  and  a  Board 
of  Governors.  The  above  named  officers  and  four  Governors  shall 
be  elected  to  their  respective  offices  at  the  annual  Fall  meeting  by  a 
majority  of  autographed  ballots  of  the  members,  and  counted  by  a 
committee  of  tellers  appointed  by  the  President.  All  officers  shall 
hold  office  for  one  year  or  until  their  successors  are  chosen,  except 
the  Board  of  Governors,  as  hereinafter  provided,  and  the  Vice- 
Presidents;  one  of  whom  latter-named  shall  be  elected  for  two  years 
and  one  for  one  year,  and  then  one  for  two  years,  each  year  there- 
after. 

Governors 

7.  The  Board  of  Governors  shall  consist  of  the  President,  the 
Past  President,  the  Secretary,  the  Treasurer,  the  Section  Chairman, 
and  four  other  Active  members;  two  of  whom  last-named  shall  be 
elected  for  a  two  year  term,  and  two  for  a  one  year  term  and  then  two 
for  two  years  each  year  thereafter. 

Duties 

8.  The  duties  of  the  several  officers  are  those  usually  appertain- 
ing to  each  such  office,  together  with  such  additional  duties  as  may 
be  prescribed  by  the  Board  of  Governors. 

The  Treasurer  shall  be  bonded  in  an  amount  to  be  determined 
by  the  Board  of  Governors. 
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Meetings 

9.  The  regular  meetings  of  the  Society  shall  be  held  in  such 
places  and  at  such  hours  as  the  members  may  have  designated  at  the 
preceding  meeting. 

A  quorum  shall  consist  of  twenty-five  or  more  voting  members. 
Special  meetings  may  be  called  by  the  Board  of  Governors  when 
necessity  therefor  arises.  Active  members  only  shall  be  entitled  to 
vote.  The  Board  of  Governors  shall  meet  quarterly  at  such  time  and 
place  as  they  may  select.  Special  meetings  may  be  called  by  the 
President  when  occasion  requires,  or  upon  the  request  of  any  three 
members  of  the  Board  of  Governors,  not  including  the  President. 

Publications 

10.  All  matters  of  general  interest  deemed  worthy  of  permanent 
record  shall  be  published  in  serial  volumes  as  soon  as  possible  after 
each  regularly  called  Members'  meeting.  A  copy  shall  be  mailed  each 
member  in  good  standing  to  his  last  address  of  record.  Extra  copies 
shall  be  printed  for  general  distribution,  and  may  be  obtained  of  the 
Secretary  on  the  payment  of  a  fee  fixed  by  the  Board  of  Governors. 

Emblem 

11.  The  emblem  of  the  Society  shall  be  a  facsimile  of  a  four-hole 
film-reel,  with  the  Letter  S  in  the  upper  center  opening,  and  the  letters 
M,  P  and  E,  in  the  three  lower  openings,  respectively.  In  the  printed 
emblem,  the  four  hole  openings  shall  be  orange,  and  the  letters  black. 
The  remainder  of  the  insignia  being  black  and  white.  The  Society's 
emblem  may  be  worn  by  members  only. 

Delinquents 

12.  Members  who  are  in  arrears  of  dues  for  thirty  days  after 
notice  of  such  delinquency,  mailed  to  their  last  address  of  record,  shall 
have  their  names  posted  at  the  Society's  headquarters,  which  shall 
be  the  office  of  the  Secretary,  and  notices  of  such  action  mailed  them; 
and  thirty  days  after  such  posting  the  members  shall  be  dropped  from 
the  rolls  if  such  non-payment  has  continued. 

Annual  dues  for  the  succeeding  year  shall  be  paid  prior  to  the 
annual  Fall  meeting,  and  only  members  in  good  standing,  who  shall 
have  paid  all  dues  to  that  date,  may  vote  or  otherwise  participate 
in  the  meeting. 

Suspension 

13.  Any  member  may  be  suspended  or  expelled  for  cause  by  a 
five-eighths  vote  of  the  Board  of  Governors;  provided,  he  shall  be 
given  due  notice  and  a  copy  in  writing  of  the  charges  preferred  against 
him  and  shall  be  afforded  opportunity  to  be  heard  ten  days  prior  to 
such  action. 

Local  Sections 

14.  Sections  of  the  Society  may  be  authorized  in  any  State  or 
locality  where  the  Active  membership  exceeds  10.  The  geographic 
boundaries  of  each  section  to  be  determined  by  the  Board  of  Gover- 
nors. 
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15.  Upon  written  petition,  signed  by  ten  or  more  Active  mem- 
bers, for  the  authorization  of  a  Section  of  the  Society,  the  Board  of 
Governors  may  grant  such  authorization  if  the  necessary  membership 
exists  within  the  locality  specified  in  the  petition. 

Meetings 

16.  Meetings  of  the  Section  shall  be  held  at  times  and  places 
fixed  by  the  Section's  Board  of  Managers. 

Officers 

17.  Each  section  shall  nominate  and  elect  a  chairman,  two 
managers  and  a  secretary.  The  Section  Chairman  shall  automatically 
become  a  member  of  the  Board  of  Governors  of  the  general  Society, 
and  continue  in  that  position  for  the  duration  of  his  term,  as  chair- 
man of  the  local  Section. 

Election  of  Officers 

18.  The  officers  of  the  Section  shall  be  elected  to  their  respective 
offices  at  the  annual  Fall  meeting  of  the  Section,  by  a  majority  of 
autographed  ballots  of  the  Active  membership  of  the  Section,  and 
counted  by  a  committee  of  tellers  appointed  by  the  Section's  chair- 
man. 

19.  All  Section  officers  shall  hold  office  for  one  year  or  until 
their  successors  are  chosen,  except  the  Board  of  Managers,  as  herein- 
after provided. 

Managers 

20.  The  Board  of  Managers  shall  consist  of  the  Section  Chair- 
man, the  Section  Past  Chairman,  the  Section  Secretary,  and  two 
Active  members,  one  of  whom  last  named  shall  be  elected  for  a  two 
year  term,  and  one  for  one  year,  and  then  one  for  two  years  each 
year  thereafter. 

Business 

21.  The  business  of  a  Section  shall  be  conducted  by  the  Board  of 
Managers. 

By-Laws 

22.  A  Section  may  formulate  by-laws  for  its  conduct,  which  shall 
conform  with  the  Constitution  and  By-Laws  of  the  Society,  and 
w.th  the  policy  of  the  Society,  as  fixed  by  the  Board  of  Governors. 
Proposed  by-laws,  when  approved  by  the  Board  of  Governors  of 
the  General  Society  may  be  adopted  by  a  two-thirds  vote,  at  a  regular 
or  special  meeting  of  a  Section;  notification  of  such  meeting,  together 
with  a  copy  of  the  proposed  by-laws  shall  be  sent  to  all  members  of 
the  Section  at  least  10  days  prior  to  the  date  fixed  for  its  holding. 

Expenses 

23.  As  early  as  possible  in  the  fiscal  year,  the  Secretary  of  each 
section  shall  submit  to  the  Board  of  Governors  of  the  Society  a 
budget  of  expenses  for  the  year. 

24.  The  Treasurer  of  the  Society  may  deposit  with  each  Section 
Secretary  a  sum  of  money,  the  amount  to  be  fixed  by  the  Board  of 
Governors,  for  current  expenses. 
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25.  Other  expenses  than  those  enumerated  in  the  budget,  as 
approved  by  the  Board  of  Governors  of  the  General  Society,  to  be 
payable  from  the  funds  of  the  general  Society  must  first  be  authorized 
by  the  Board  of  Governors. 

26.  A  Section  Board  of  Managers  may  authorize,  and  shall 
provide  for  the  payment  by  local  assessments  of  any  expenses  of  a 
Section  beyond  those  authorized  to  be  paid  from  the  general  fund  of 
the  Society. 

27.  The  Secretary  of  the  Society  shall  supply  to  each  Section 
all  stationery  and  printing,  aside  from  notices  of  meetings,  necessary 
for  the  conduct  of  its  business. 

28.  The  Secretary  of  each  Section  shall  send  monthly  to  the 
Treasurer  of  the  general  Society,  an  itemized  account  of  all  expendi- 
tures during  the  preceding  month. 

Meetings 

29.  The  regular  meetings  of  a  Section  shall  be  held  in  such 
places  and  at  such  hours  as  the  members  may  have  designated  at  the 
preceding  meeting. 

30.  The  Secretary  of  each  Section  shall  forward  to  the  Secretary 
of  the  General  Society,  not  later  than  five  days  after  a  meeting  of  a 
Section,  a  statement  of  the  attendance  and  of  the  business  transacted 

Papers 

31.  Papers  shall  be  approved  by  the  Section's  Papers  Committee 
previous  to  their  being  presented  before  a  Section.  Manuscripts  of 
papers  presented  before  a  Section,  together  with  a  report  of  the  dis- 
cussions and  the  proceedings  of  the  Section  meetings,  shall  promptly 
be  forwarded  by  the  Section  Secretary  to  the  Secretaiy  of  the  general 
Society.  Such  material  may,  at  the  discretion  of  the  Papers  Com- 
mittee of  the  general  Society,  be  printed  in  the  Society's  Transactions. 

Membership 

32.  Should  the  active  membership  of  a  section  fall  below  10,  or 
the  average  attendance  at  meetings  not  warrant  the  expense  of  main- 
taining the  organization,  the  Board  of  Governors  may  cancel  its 
authorization. 

33.  All  members  and  honorary  members  of  the  Society  of  Motion 
Picture  Engineers  in  good  standing,  residing  in  that  portion  of  any 
country  set  apart  by  the  Board  of  Governors  to  be  tributary  to  any 
loca  Section,  shall  be  considered  members  of  that  local  Section,  and 
shall  be  so  enrolled  and  they  shall  be  entitled  to  all  privileges  that 
such  local  Section  may,  under  the  general  Society's  Constitution  and 
By-Laws  provide. 

Constitution  and  By-Laws 

34.  Sections  shall  abide  by  the  Constitution  and  By-Laws  of 
the  Society,  and  conform  to  the  regulations  of  the  Board  of  Gover- 
nors. The  conduct  of  Sections  shall  always  be  in  conformity  with  the 
general  policy  of  the  Society  as  fixed  by  the  Board  of  Governors. 

Amendments 

35.  These  by-laws  may  be  amended,  altered  or  added  to  at  any 
regularly  called  Members'  meetings  on  a  two-thirds  vote  by  ballot  of 
the  members  present  at  the  meeting. 
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PRESIDENT'S  ADDRESS 

Society  of  Motion  Picture  Engineers 

Atlantic  City,  New  Jersey 
May  7th  to  10th,  1923 
Ladies  and  OenVemen: 

IT  GIVES  me  great  pleasure  to  welcome  you  all  to  another  con- 
vention of  the  Society  of  Motion  Picture  Engineers.     This  is, 
without  question,  going  to  be  the  best  convention  we  have  ever 
held,  and  as  many  of  you  know,  we  have  had  some  mighty  fine  ones. 

The  very  fact  that  our  Society  had  a  healthy  growth  and  very 
successful  meetings  during  the  hard  times  just  passed  invites  the 
imagination  to  speculate  on  the  great  possibilities  before  us  now  that 
business  is  again  prosperous.  I  feel  that  we  are  now  in  the  midst  of 
what  will  prove  to  be  a  most  remarkable  year  in  the  Society's  history. 
We  have  reached  the  point  where  we  have  gained  respect  and  recog- 
nition in  both  the  engineering  and  business  world. 

Two  or  three  years  ago,  no  one  outside  of  our  immediate  member- 
ship knew  anything  about  the  Society  of  Motion  Picture  Engineers, 
much  less  cared  anything  about  it. 

To-day,  successful  business  men  are  placing  their  membership 
in  the  Society  of  Motion  Picture  Engineers  on  their  letterheads,  and 
advertising  the  fact  that  they  are  members  of  this  or  that  committee 
of  the  Society  of  Motion  Picture  Engineers.  Why  do  they  do  that? 
Because  the  Society  of  Motion  Picture  Engineers  has  created  for 
itself  a  very  high  standard  of  engineering  practice  in  the  motion 
picture  field,  and  it  is  recognized  that  those  men  who  are  selected  for 
the  various  committees  are  men  of  ability;  authorities  in  their  line. 

During  the  past  few  months  the  American  Engineering  Standards 
Committee  has  come  to  me  and  asked  if  there  was  not  something  I 
could  do  to  facilitate  the  work  of  our  Standards  Committee  so  that 
our  standards  might  be  recognized  by  the  American  Engineering 
Standards  Committee,  and  made  the  official  standards  of  the  motion 
picture  industry  in  America. 

European  motion  picture  societies  have  also  been  in  touch  with 
us,  with  a  view  to  making  standards  for  the  whole  world,  so  that 
machinery,  parts,  films,  etc.,  would  be  interchangeable  anywhere. 

Negotiations  have  been  started  for  the  placing  of  some  of  the 
historical  material  collected  by  our  Historical  Committee  in  the 
Smithsonian  Institute  at  Washington,  D   C. 

We  have  had  calls  from  public  libraries  and  educational  institu- 
tions for  copies  of  our  Transactions.  Some  of  the  supply  dealers 
feel  there  is  need  for  their  sale  over  the  counter,  as  text  books. 
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Our  members  on  the  Pacific  Coast  are  very  anxious  to  organize  a 
Coast  Section  of  the  Society,  in  order  thax  they  may  take  a  more 
active  part  in  our  work  than  is  at  present  possible. 

We  have  been  able  to  draw  to  our  meetings  and  have  for  our 
speakers  some  of  the  best  known  scientists  in  the  country. 

So  I  say,  we  are  gaining  recognition  and  respect. 

With  this,  however,  comes  greater  responsibility,  especially  for 
the  committees  in  whose  hands  lies  more  than  anywhere  else  the 
success  or  failure  of  our  Society.  I  refer  particularly  to  the  Papers 
Committee,  the  Standards  Committee,  the  Nomenclature  Committee 
and  the  Publications  Committee. 

The  success  that  we  have  so  far  attained  has  been,  in  a  large 
measure,  due  to  the  type  of  material  that  the  Papers  Committee  has 
selected  for  presentation  at  the  conventions,  and  to  the  grade  of  men 
they  have  chosen  for  speakers.  If  this  material  had  not  been  high 
class,  new  and  constructive  data  of  interest  and  value  to  the  industry, 
we  would  not  be  in  our  present  position  at  the  top  of  the  engineering 
end  of  the  industr}^.  It  is  by  no  means  an  easy  task  that  the  Papers 
Committee  has.  Much  thought  must  be  given  to  the  selection  of  the 
class  of  material  desired  so  as  to  make  a  well  balanced  program.  It  is 
not  easy  to  get  busy  engineers  at  the  head  of  their  various  professions 
to  take  the  time  to  prepare  and  deliver  papers,  nor  is  it  always  easy 
to  turn  down  diplomatically  light  weight  papers  and  those  offered 
for  purely  commercial  advertising. 

After  the  papers  have  been  obtained,  a  really  tremendous  job 
confronts  the  Papers  Committee  in  collecting,  editing,  and  preparing 
for  printing  all  the  material  and  discussions.  The  greatest  burden 
of  this  work  falls  on  the  chairman  of  the  Papers  Committee,  and  the 
work  is  done  gratis  on  time  ill-spared  from  his  regular  business.  I 
think  the  Society  is  very  fortunate  in  its  present  Papers  Committee 
chairman,  and  I  want  to  take  this  occasion  to  express  to  Mr.  L.  A. 
Jones  the  appreciation  of  the  Board  of  Governors  of  the  splendid 
constructive  work  he  is  doing  for  the  Society. 

I  suppose  really  the  ultimate  purpose  of  most  engineering 
societies  is  the  advance  of  the  art  so  that  greater  sales  of  the  devices 
used  therein  will  result.  Yet,  to  obtain  this  end,  an  engineering  body 
must  steer  clear  of  pure  commercialism.  Your  Board  of  Governors 
gave  very  serious  consideration  to  the  holding  of  an  exhibition  of 
equipments  used  in  the  motion  picture  industry,  in  connection  with 
this  convention.  After  sounding  out  the  membership  on  this  proposi- 
tion, it  did  not  seem  advisable  to  hold  the  exhibition. 

We  are,  however,  going  to  try  something  that  has  not  been  done 
before;  i.e.,  the  Papers  Committee  has  planned  to  have  a  symposium 
on  motion  picture  projectors  for  educational  and  home  use.  It  was 
felt  that  here  was  a  relatively  little  developed  field  of  great  possi- 
bilities. The  thought  was  that  if  the  different  manufacturers  could 
be  brought  together  to  discuss  their  problems  and  their  requirements, 
considerable  progress  could  be  made  towards  standardization  in  the 
art.  The  various  manufacturers  have,  therefore,  been  asked  to  pre- 
sent short  technical  descriptions  of  their  outfits,  accompanied  by  a 
demonstration,  if  desired.    The  success  or  failure  of  this  plan  and  its 
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repetition  in  other  branches  of  the  industry  depends  largely  on 
whether  it  is  taken  in  the  spirit  given,  i.e.  as  pertaining  only  to  the 
engineering  features  of  the  machines.  If  the  thing  runs  into  a  com- 
mercial sales  argument,  it  will  fail  of  its  purpose.  I  would,  therefore, 
ask  you  to  bear  this  in  mind  when  the  symposium  is  presented. 

This  year  we  tried  an  experiment.  We  selected  some  of  our 
Associate  members  for  committee  chairmen,  and  I  am  glad  to  say  it 
worked,  and  worked  well.  The  chairman  of  the  Advertising  Com- 
mittee took  hold  of  the  work  on  short  notice  and  secured  more  ads 
for  us  than  we  have  ever  had  before.  With  a  whole  six  months  to 
work  in  for  the  next  Transactions,  we  are  expecting  great  things 
of  Joe  Hornstein. 

I  know  that  the  Arrangements  Committee  has  had  no  small 
problem  on  its  hands,  and  has  been  hard  at  work  providing  for  your 
comfort  and  entertainment. 

In  the  past  we  have  met  in  cities  where  there  were  large  manufac- 
turing interests  who  contributed  royally  to  our  interest  and  entertain- 
ment. We  do  not  have  this  advantage  in  Atlantic  City.  This  has 
made  the  task  of  the  Arrangements  Committee  doubly  hard,  and  will, 
also,  make  some  increase  in  the  individual  expense  of  this  convention. 
However,  I  am  sure  we  shall  all  feel  it  well  worth  while,  and  appreciate 
the  hard  work  of  J.  C.  Kroesen  and  his  assistants. 

The  committee  problem,  as  a  whole,  has  been  a  very  vexing  one  to 
your  President.  I  cannot  help  but  feel  that  there  is  much  more  that 
most  of  our  committees  could  contribute  to  the  success  of  the  Society 
than  they  have  been  doing.  The  problem  has  been  to  get  the  men  to 
devote  the  time  to  the  work.  I  have  made  it  my  policy  to  select  the 
most  capable  man  in  each  line  of  work  who  would  undertake  the 
leadership  of  a  committee,  and  then  put  the  responsibility  up  to  him 
as  to  what  he  should  do  and  how  it  should  be  done.  In  many  cases  the 
result  has  been  disappointing,  i.e.  little  or  no  activity.  I  have,  there- 
fore, been  turning  over  in  my  mind  the  question  as  to  whether  it 
would  be  better  to  have,  as  at  present,  twenty-five  different  standing 
committees,  most  of  which  are  practically  inactive,  or  to  eliminate 
all  but  the  few  absolutely  essential  for  the  conduct  of  the  Society's 
business,  and  appoint  temporary  special  committees  to  handle  various 
matters  as  the  need  arises  from  time  to  time. 

It  is  essential  that  we  have  an  Advertising  Committee,  as  the 
money  secured  for  ads  in  the  Transactions  is  needed  to  help  defray 
printing  expense.  This  committee  might,  to  advantage,  take  over 
the  duties  of  the  Publicity  Committee  as  well. 

It  is  necessary  to  have  an  Arrangements  Committee  to  attend  to 
the  many  things  pertaining  to  our  conventions. 

The  Auditing  Committee  could  be  dispensed  with  by  having  a 
Certified  Public  Accountant  go  over  our  books  once  a  year. 

A  Membership  Committee  is  very  important  to  assure  the 
continued  healthy  growth  of  the  organization. 

I  believe  the  Standards  and  Nomenclature  Committees  could,  to 
advantage,  be  combined. 

We  must  have  a  Papers  Committee  to  secure  and  prepare 
material  for  our  Transactions.     The  work  of  this  committee,  how- 


ever,  is  closely  related  to  that  of  the  Publications  Committee,  and 
it  seems  to  me  that  the  two  could,  advantageously,  be  joined. 

The  above  mentioned  committees  now  are  the  backbone  of  the 
Society,  and,  if  strengthened  by  some  of  the  real  workers  on  the 
remaining  committees  (which  I  would  propose  dissolving),  they 
could,  in  my  opinion,  carry  on  the  Society's  work  with  an  even 
greater  degree  of  success  than  in  the  past.  I  should  be  glad  to  have 
your  comments  on  these  suggestions  any  time  between  now  and  next 
Fall,  when  the  terms  of  the  present  committees  come  to  an  end. 

I  should  like  to  take  this  opportunity  to  express  to  the  officers  and 
Board  of  Governors  of  the  Society  my  keen  appreciation  of  their 
support  and  co-operation.  There  has  been  no  small  amount  of 
valuable  time  and  effort  donated  to  the  Society  by  these  men, 
particularly  by  our  Treasurer,  Mr.  W.  B.  Cook,  and  our  Secretary, 
Mr.  P.  M.  Abbott.  I  look  forward  to  the  time  when  our  organiza- 
tion will  be  large  enough,  and  financially  able  to  have  a  permanent 
office,  and  support  a  paid  Assistant  Secretary  to  relieve  these  men  of 
much  of  the  detail  work  they  now  carry  on.  This  will  also  give  us 
much  needed  space  in  which  to  store  the  Society's  records,  Tran- 
sactions correspondence,  cuts,  and  numerous  other  things  which  we 
have  accumulated  in  the  past  seven  years. 

I  cannot  close  without  reference  to  the  epoch  making  work  of 
Daddy  Jenkins,  the  founder  and  first  President  of  our  Society.  It 
was  my  privilege  a  short  time  ago  to  witness  the  first  transmission  of 
pictures  from  one  city  to  another  by  radio.  The  Government  station 
at  Anascotia,  Md.,  sent  them  with  equipment  invented  and  built  by 
Jenkins,  and  the  Evening  Bulletin  in  Philadelphia,  Pa.,  received  them 
on  apparatus  also  invented  and  built  by  Jenkins.  While  these  were 
"still"  photos,  and  took  a  few  minutes  to  send,  Jenkins  has  all  the 
elements  necessary  for  instantaneous  vision  as  far  as  present  audible 
radio  will  travel. 

Already  a  great  joint  engineer. ng  meeting  of  the  American  Insti- 
tute of  Electrical  Engineers  has  been  held  in  New  York  and  Chicago, 
the  New  York  audience  listening  to  papers  read  in  Chicago,  and  the 
Chicago  men  listening  to  the  discussion  of  papers  by  the  New  York 
audience,  and  vice  versa.  Not  only  were  those  two  audiences  talking 
with  each  other  as  easily  as  if  gathered  together  in  one  room,  instead 
of  being  900  miles  apart,  but  hundreds  of  thousands  of  people  all 
over  the  country  a  so  heard  the  papers  and  discussions.  A  year 
from  now,  I  believe,  Jenkins  will  make  it  possible  for  similar  audiences 
to  see  each  other  as  well  as  hear  each  other.  From  then  on  it  is  but  a 
step  to  motion  pictures  of  events  as  they  are  taking  place,  shown  in 
our  own  homes. 

Just  what  part  the  Society  of  Motion  Picture  Engineers  will  take 
in  this  most  marvelous  development  is  hard  to  say,  but  that  we 
shall  have  a  part,  and  a  large  one,  I  am  sure. 

L.  C.  Portor 

Atlantic  City,  N.  J. 

May  7,  1923. 
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THE  PLACE  OF  THE  MOTION  PICTURE  IN  EDUCATION 

By  Ernest  L.  Crandall 
Introduction 

HAD  this  paper  been  prepared  ten  years  ago,  or  even  five  years 
ago,  it  could  hardly  have  borne  the  title  I  have  given  it. 
Almost  inevitably  it  would  have  taken  the  interrogative  form: 
"Has  the  motion  picture  a  place  in  education?"  Happily  that  ques- 
tion has  now  been  answered  and  answered  in  the  affirmative.  Hence 
we  are  privileged  rather  to  examine  the  question  of  precisely  what 
place  should  be  accorded  to  the  motion  picture  in  our  educational 
process. 

A  Necessary  Distinction 

In  saying  that  it  has  at  last  been  determined  that  the  motion 
picture  has  a  place  in  education,  I  by  no  means  mean  to  imply  that 
the  use  of  motion  pictures  as  a  medium  of  instruction  has  as  yet  been 
generally  recogn'zed  by  educators.  That  is  not  the  fact.  To  some 
extent  the  motion  picture  has  been  adopted  as  an  aid  to  instruction, 
though  its  adaptability  is  still  questioned  in  some  circles.  We  have 
yet  far  to  travel  in  that  direction,  but  before  we  can  even  discuss  that, 
there  is  a  distinction  to  be  made, — a  distinction  which  is  vital,  namely, 
the  distinction  between  the  motion  picture  as  an  experiential  fact  and 
the  motion  picture  as  an  implement  of  instruction. 

The  recognition  and  general  adoption  of  the  motion  picture  as  a 
teaching  tool,  which  is  what  many  educators  have  envisaged  and  are 
steadily  aiming  at,  is  one  thing.  Quite  another  thing  is  the  recogni- 
tion of  the  motion  picture  as  a  force  to  be  dealt  with  in  education,  as  a 
factor  in  life  that  can  no  longer  be  ignored  by  the  educator. 

In  this  latter  sense,  the  educational  world  might  ultimately  deter- 
mine to  leave  the  motion  picture  where  it  is,  in  the  theatre,  seeking 
only  to  improve  and  regulate  it  there,  and  not  attempting  in  any 
broad  and  univer  al  sense  to  utilize  it  in  the  formal  educational 
process.  Personally,  I  do  not  believe  that  this  will  be  the  outcome. 
However,  the  distinction  we  have  made  is  as  interesting  as  it  is  essen- 
tial because  it  brings  us  face  to  face  with  a  reformulation  of  our 
inquiry,  and  a  reformulation  which  should  prove  illuminating  if  not 
conclusive. 

Restating  the  Question  in  Alternative  Form 

Let  us  state  our  question  then  in  the  alternative  form: — Is  the 
place  of  the  motion  picture  in  education  merely  that  of  a  great  and 
practically  universal  fact  or  factor  in  life,  which  must  be  reckoned 
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with,  controlled,  and  even  studied, — as  is  the  case,  for  instance, 
with  the  drama;  or  is  it  also  an  instrumentality  through  which  we 
can  most  effectively  teach  many  other  things? 

The  answer  is  that  it  is  both.  That  it  is  the  former  the  whole 
educational  world  has  come  to  recognize,  but  to  recognize  only  in 
a  vague  sort  of  way.  The  motion  picture  is  here.  It  has  invaded 
modern  life  so  completely  and  so  conspicuously  that  something- 
must  be  done  about  it.  But  what?  That  represents  just  about  the 
bewildered  state  of  mind  of  great  masses  of  the  teaching  profession 
on  the  subject. 

On  the  other  hand  there  are  a  definite  few,  who,  recognizing 
this  phase  of  the  motion  picture,  namely,  its  importance  as  an  experi- 
ential fact  in  the  present  and  future  life  of  the  child,  see  in  it  also  a 
teaching  tool, — the  most  effective  teaching  tool  ever  placed  in  the 
hands  of  the  trainer  of  youth,  if  properly  harnessed  to  its  task. 

The  Motion  Picture  as  an  Experiential  Fact 

Let  us  consider  for  a  moment  the  first  aspect  of  the  matter, — ■ 
the  motion  picture  as  an  experiential  fact  in  life.  From  a  curious 
toy  or  a  dubious  form  of  cheap  amusement,  the  cinema  has  developed 
into  a  species  of  literature.  It  may  be  good  literature  or  bad  liter- 
ature, but  literature  it  certainly  is,  and  a  distinct  species  of  literature. 
It  has  its  psychological  basis,  its  laws  of  construction,  its  tricks  and 
devices,  its  tropes  and  modes,  like  any  other  form  of  literature.  As 
such  how  are  we  as  educators  to  treat  it?  Shall  we  leave  it  in  the 
state  of  taboo  under  which  the  drama  rested  for  centuries?  Shall  we 
merely  try  to  curb,  to  constrain,  to  regulate?  Shall  we  have  done  our 
full  duty  by  preparing  black  lists  and  white  lists,  and  maintaining 
some  sort  of  official  or  unofficial,  some  sort  of  disguised  or  undis- 
guised censorship?  Or  should  we  accord  it  a  place  in  our  curriculum, 
not  as  a  mechanical  device  now,  but  as  a  subject  of  study,  teaching 
our  pupils  to  understand  its  laws  and  to  evaluate  its  standards, 
shaping  their  judgment  and  training  their  taste  with  regard  to  its 
output,  just  as  the  colleges  and  even  the  secondary  schools  have  at 
last  come  to  do  for  the  drama,  once  the  most  neglected  if  not  the 
most  despised  species  of  literature?  This  is  a  question  most  intelli- 
gently developed  by  Professor  Charles  H.  Judd  of  Chicago  Univer- 
sity, in  a  paper  published  in  the  March  number  of  The  School  Review, 
published  by  Chicago  University.  I  think  there  can  be  no  doubt  of 
the  ultimate  attitude  of  educators  on  this  question,  virtually  all  of 
whom,  as  I  have  implied,  have  at  last  been  dimly  stirred  by  its  insis- 
tence. However,  I  feel  that  we  are  here  today  more  distinctly 
concerned  with  the  other  question,  namely,  whether  the  motion  pic- 
ture is  in  itself  an  instrumentality  through  which  many  things  can 
be  taught  most  effectively? 

7s  the  Motion  Picture  an  Effective  Teaching  Tool? 

For  me,  merely  to  state  this  question  is  to  answer  it.  Asking  if 
the  motion  picture  can  be  used  for  teaching  is  like  asking  if  water  is 
wet,  or  rather  let  us  say,  if  water  slakes  thirst  or  food  satisfies  hunger. 
If  it  is  a  form  of  literature,  it  is  even  more  certainly  a  great,  univer- 
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sally  recognized  and  universally  encountered  form  of  expression. 
As  such,  it  must  take  its  place  somewhere  beside  the  printed  page 
and  the  spoken  word  as  a  means  of  imparting  ideas. 

The  Screen  as  a  Universal  Teacher 

The  fact  is  that  the  motion  picture  is  teaching  all  the  time. 
Indeed  we  are  more  or  less  disturbed,  and  with  good  reason,  about 
the  things  it  is  teaching  and  the  way  it  is  teaching  them.  Leaving 
at  one  side  this  disturbing  aspect,  we  have  only  to  reflect  for  a  moment 
upon  the  extent  to  which  the  screen  has  extended  the  mental  horizon 
of  great  masses  of  our  people,  to  be  convinced  of  its  educational 
efficacy.  I  think  it  cannot  be  gainsaid  that  more  than  any  other 
agency  n  modern  life,  more  even  than  the  flood  of  cheap  books,  the 
multiplicity  of  magazines  or  the  illustrated  newspaper,  the  motion 
picture  has  brought  to  the  man  in  the  street  a  knowledge  of  the 
world  he  lives  in,  in  virtually  all  of  its  aspects.  Places,  names, 
happenings  far  from  his  own  habitat,  discoveries,  inventions,  experi- 
ments, scientific  or  industrial,  throughout  the  world,  plans,  problems 
and  currents  of  thought  in  every  field  of  human  activity,  glimpses  of 
the  past  and  speculations  as  to  the  future, — all  these  have  come  to 
mean  more  to  the  average  man,  especially  the  urban  dweller,  than 
ever  before  in  the  history  of  mankind,  and  all  because  th.3  cinema  in 
tireless  and  ingenious  hands  is  visualizing  for  him  daily  the  things 
that  men  are  working  at  or  thinking  about  everywhere. 

The  Screen  as  an  Extension  of  the  Camera  and  the  Microscope 

We  must  come  a  little  nearer  to  the  heart  of  our  problem,  how- 
ever. To  recognize  the  screen  as  a  universal  teacher,  might  be  merely 
to  class  it  with  the  newspaper,  which,  however,  indispensable  in  the 
teaching  of  current  events,  is  scarcely  an  ideal  medium  of  universal 
application  in  the  teaching  process.  The  ideal  value  of  the  motion 
picture  lies  not  so  much  in  the  fact  that  it  is  a  form  of  expression,  as 
in  the  fact  that  it  is  a  recording  instrument.  Let  us  approach  the 
question  from  a  different  angle. 

In  man's  intellectual  conquest  of  the  world  in  which  he  dwells, 
there  are  just  two  instruments  of  his  own  invention  that  have  fur- 
thered his  progress  and  made  possible  his  achievement.  They  are 
the  camera  of  the  explorer  and  the  microscope  of  the  scientist.  Now 
the  immense  teaching  value  of  the  motion  picture  lies  primarily 
in  the  fact  that  it  is  an  extension  of  these  two  instruments.  Indeed, 
we  hear  so  much  of  socialization,  I  think  it  would  be  a  rather  happy 
phrase  to  describe  the  motion  picture  as  a  socialization  of  the  camera 
and  the  microscope,  making  available  for  great  masses  at  once,  and 
virtually  in  perpetuity,  the  startling  records  of  these  two  supersensi- 
tive extensions  of  human  vision. 

Before  the  motion  picture  came,  the  explorer  or  the  globe- 
trotter who  returned  from  parts  unknown  had  to  content  himself 
with  publishing  an  illustrated  volume  or  two,  or  a  lecture  tour 
illustrated  with  detached  and  lifeless,  though  of  course  often  very 
beautiful  views.  Equally  in  those  days,  the  scientist  pouring  over 
his  microscope,  was  compelled  to  make  most  elaborate  drawings  and 
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sketches,  to  convey  even  to  his  fellow  scientists  an  idea  of  what  went 
on  beneath  his  eye.  Today  the  explorer  can  take  all  mankind  with 
him  on  his  voyagings  and  the  scientist  invites  the  whole  world  into 
his  laboratory.  Thus  the  motion  picture  has  a  certain  inherent  power 
all  its  own  that  divests  it  for  all  of  us  of  the  commonplace  and  that 
in  turn  invests  all  of  us  with  a  sort  of  superconsciousness,  as  though 
we  were  in  very  truth  gods  or  supermen.  With  it  we  mount  up  into 
the  air,  become  companions  to  the  cloud  and  ride  upon  the  wind; 
with  it  we  dive  down  into  the  water  and  bring  up  the  secrets  of  the 
vasty  deep;  with  it  we  explore  the  known  and  unknown  surface  of  the 
earth,  visiting  not  only  far  lands  and  strange  peoples  and  bringing 
back  a  record  of  their  manners  and  customs,  their  modes  and  stand- 
ards of  life,  but  penetrating  forest  and  jungle  from  the  frozen  fast- 
nesses of  the  poles  to  the  festooned  forests  of  the  equator,  spying  upon 
the  life  habits  of  bird  and  beast  and  reptile;  with  it  we  approach  the 
potentate  upon  his  throne,  accompany  the  statesman  into  his  cabinet, 
invade  the  legislative  halls  of  states  and  nations  and  sit  as  silent 
spectators  at  the  very  congress  of  the  world;  with  it  we  accompany 
the  soldier  out  upon  the  field  of  battle  until  the  "rockets'  red  glare" 
and  "the  bombs  bursting  in  air"  are  translated  from  poetic  metaphor 
to  grim  reality;  with  it  we  sit  beside  the  sick  bed  with  the  watching 
physician  or  follow  the  surgeon's  lancet  through  nerves  and  tissues, 
leaving  an  imperishable  record  for  the  guidance  of  future  skill  in 
difficult  operations ;  with  it  we  analyze  the  pulsations  of  the  heart  and 
number  the  life  giving  corpuscles  as  they  course  through  the  veins; 
with  it  we  study  the  structure  and  the  function  of  every  living  thing, 
and  penetrate  the  mystery  even  of  the  cell,  that  unit  of  organic  life ; 
with  it  we  visualize  the  action  and  reaction  of  molecule  and  atom  and 
electron,  and  spy  upon  the  virgin  crystal  as  it  rises,  like  Venus,  from 
its  bath  in  the  chemical  solution.  No  doors  are  closed  to  it,  no  secrets 
hid,  no  barriers  insurmountable.  Even  the  barrier  of  time  recedes 
before  it,  so  that  through  it  and  through  it  alone  man  has  been  able 
at  least  with  measurable  satisfaction  to  reconstruct  past  eras  of  the 
world's  formation,  rehearse  the  mighty  pageantry  of  history,  and 
forecast  vast  reaches  of  the  future. 

The  Motion  Picture  as  a  Substitute  for  Direct  Sense  Experience 

Fundamentally,  the  value  of  the  motion  picture  in  education 
rests,  of  course,  upon  a  psychological  basis.  The  great  bulk  of  our 
practical  knowledge  comes  to  us  through  the  senses  and  by  far  the 
greater  part  of  this  through  the  sense  of  vision.  It  may  be  possible 
to  reduce  these  proportions  to  percentages,  as  some  have  sought  to 
do;  but  it  seems  to  me  a  futile  sort  of  exercise.  It  is  matter  of  com- 
mon observation  that  our  eyes  are  the  most  valuable  part  of  our 
sensory  equipment.  Now,  it  may  be  possible  by  scription,  explana- 
tion and  narration  to  convey  to  others  a  fairly  accurate  impression  of 
our  sense  experiences,  through  the  written  or  spoken  word.  Obvi- 
ously, however,  this  implies  a  considerable  wealth  of  kindred  sense  ex- 
perience on  their  part.  Otherwise  they  would  not  be  able  to  receive 
and  interpret  our  account.  If  you  want  to  test  this  just  try 
to  draft  a  description  of  a  dog  that  you  j^ourself  believe  would 
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convey  an  accurate  impression  to  an  adult  who  had  never  seen  one, 
and  note  the  difficulties  you  encounter.  Then  take  some  six  year 
old  child  by  the  hand  and  walk  down  the  street.  You  will  discover 
that  he  recognizes  every  canine  he  encounters,  though  they  may 
be  of  various  colors,  though  some  may  have  short  hair  and  others 
long,  though  some  may  be  twice  as  large  as  hmself  and  others  not 
much  bigger  than  his  pet  kitten.  The  reason  is  that  this  is  an  item  of 
knowledge  that  he  has  worked  out  for  himself  through  the  com- 
parison and  evaluation  of  his  own  immediate  sense  experiences. 
Other  things  being  equal,  then,  that  individual  will  be  best  informed 
who  has  the  greatest  wealth  of  well  co-ordinated  sense  experiences. 

Now,  I  think  no  one  will  dispute  that  the  motion  picture  is  in 
many  aspects  the  nearest  approach  to  and  the  most  nearly  perfect 
substitute  for  immediate  observation,  so  far  as  the  same  is  dependent 
upon  mere  vision.  It  must  be  remembered  of  course,  that  looking 
is  not  seeing,  but  that  is  equally  true  of  actual  vision.  Certainly  the 
motion  picture  does  bring  the  world  to  the  child's  doorstep,  as  nearly 
as  that  is  humanly  possible  to  do.  What  he  gets  out  of  that  panorama 
depends  upon  other  factors. 

Application  to  the  Study  of  Geography 

The  importance  of  bringing  the  world  of  fact,  as  far  as  practi- 
cable, within  the  range  of  the  child's  vision  rests  upon  the  child's 
inevitable  paucity  of  sense  experiences.  Even  those  children  most 
favorably  situated  in  life  will  possess  meagre  experiential  back- 
ground for  the  appraisal  of  each  new  item  of  observation,  as  compared 
with  the  average  adult.  This  lack  is  much  greater  with  the  great  mass 
of  children,  a  very  small  percentage  of  whom  have  ever  travelled  at 
all,  or  in  any  way  transgressed  the  bounds  of  their  own  immediate 
environment.  In  fact,  this  is  a  lack  so  great  that  I  th'nk  :"ew  educators 
realize  its  extent  or  the  vital  necessity  of  counterbalancing  it. 

We  shall  understand  this  problem  better  if  we  select  some  con- 
crete subject  of  study,  such  as  geography,  as  an  example.  Geography 
is  regarded  in  some  systems  of  education  as  the  very  core  of  instruc- 
tion. In  any  conception  of  education  the  study  of  geography  is  an 
important  and  essential  phase  of  the  process  of  instruction.  Socially, 
spiritually  and  intellectually  man  is  heir  to  all  the  ages.  In  extracting 
the  values  from  past  centuries,  history,  of  course,  plays  the  principal 
role,  but  to  attempt  the  study  of  history  without  a  fundamental 
knowledge  of  geography  is  like  sailing  a  ship  on  an  uncharted  ocean. 
Physically  and  in  the  most  of  his  practical  relations  civilized  man  is 
as  dependent  as  his  primitive  prototype  upon  his  actual  present 
environment.  Individually  and  collectively  his  efforts  are  still  bent 
chiefly  upon  supplying  the  three  great  primal  needs  of  food,  clothing 
and  shelter,  the  satisfaction  of  which  must  be  extracted  from  his 
environment.  The  chief  difference  between  primitive  and  civilized 
man  is  that  the  latter  has  learned  to  extend  his  environment  to  the 
limits  of  the  known  world.  In  this  process  geography  has  been  his 
chief  concern, — a  knowledge  of  the  sources  of  supply  for  the  meeting 
of  these  three  great  needs.  In  this  sense  geography  has  created 
history,  dominates  the  life  of  the  present  and  determines  the  con- 
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ditions  of  the  future.  For  it  is  primarily  in  the  pursuit  of  this  one 
primal  task  of  ever  growing  complexity  that  man  has  undertaken 
explorations,  established  colonies,  founded  industries,  ordained  insti- 
tutions, organized  governments  and  enacted  laws.  Now  let  us  con- 
sider for  a  moment  the  actual  situation  of  two  groups  of  children 
studying  geography.  Let  us  place  one  of  them  in  New  York,  or  some 
other  coastwise  city,  and  the  other  in  some  inland  rural  village.  I 
think  it  will  occur  at  once  to  all  of  you  that  the  latter  group  will  lack 
a  great  many  sense  experie  <  es  that  are  commonplaces  with  most 
of  us.  How  many  of  them,  do  you  think,  will  ever  have  beheld  a 
crowded  city  thoroughfare,  a  great  mercantile  establishment  where 
the  wealth  of  a  kingdom  changes  hands  every  day  over  the  counter, 
a  vast  industrial  plant  with  its  manifold  operations  and  its  army  of 
employees,  so  characteristic  of  our  modern  economic  development, 
or  a  busy  harbor  with  its  forest  of  masts  and  funnels  and  its  ocean 
greyhounds  straining  at  the  leash  to  whisk  their  20th  century  argo- 
nauts across  the  seas  in  quest  of  richer  argosies  than  old  Homer  ever 
dreamed  of. 

But  this  poverty  of  sense  experience  will  be  found  scarcely  more 
acute  in  the  rural  group  than  in  the  urban.  Any  careful  and  obser- 
vant city  teacher  can  cite  you  numberless  examples  of  city  children 
w  th  no  conception  of  the  conditions  of  life  outside  the  block  in 
which  they  live.  Hundreds  and  thousands  of  these  urban  little  ones 
have  never  seen  the  shining  plow  lay  bare  the  steaming  furrow,  have 
never  seen  the  cattle  grazing  on  a  thousand  hills,  have  never  seen  a 
field  of  waving  grain,  have  never  seen  the  foaming  cataract  leaping 
in  dizzy  whiteness  from  towering  precipice  to  fertile  valley  or  the 
laxy  river  gnawing  its  way  through  the  plain  and  by  the  process  of 
erosion  and  deposit  building  up  the  very  soil  on  which  and  from 
which  we  live,  have  never  seen  that  annual  miracle  of  nature,  the 
apple  tree  bursting  into  fragrant  blossom  with  each  recurring  spring, 
or  watched  how  the  sun  practices  his  slow  and  patient  alchemy 
upon  the  blossoms  from  the  time  the  petals  drop  until  the  golden 
fruit  hangs  lusciously  ready  to  drop  into  the  basket.  In  short,  count- 
less numbers  of  these  urban  children  have  absolutely  no  notion  of  a 
thousand  and  one  facts  and  processes  upon  which  their  very  existence 
depends. 

Now,  without  discounting  or  discarding  every  other  available 
aid  to  visualization,  if  there  is  any  one  instrumentality  that  can  so 
completely  supply  for  these  two  groups  the  lack  of  immediate  contact 
with  essential  facts  and  factors  in  the  study  of  geography,  as  can  the 
motion  picture,  I  do  not  know  what  it  is. 

Limitations  and  Precautions 

A  little  reflection  will  show  you,  also,  that  there  are  many  other 
subjects,  in  some  phase  o  which  the  motion  picture  may  be  made  to 
render  invaluable  aid  in  assisting  the  pupil  to  a  correct  and  complete 
visualization  of  that  about  which  he  is  studying.  We  have  found 
it  of  immense  help  in  biology,  not  only  in  the  portrayal  of  unfamiliar 
life  forms  but  in  the  depiction  and  analysis  of  life  processes.  The  same 
thing  applies  to  nature  study,  for  younger  children.     In  chemistry 
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it  may  be  made  to  replace,  to  perpetuate  or  to  supplement  the 
laboratory  experiment  in  many  cases,  while  in  applied  physics  there 
is  nothing  so  effective  for  the  analysis  of  mechanical  processes  as  a 
skillful  combination  of  direct  photography  and  animated  diagram. 
In  history  and  in  literature,  it  plays  the  double  role  of  re-enacting 
actual  episodes  and  of  painting  an  unfamiliar  background.  A  child 
who  has  ever  seen  Julius  Caesar  screened  will  at  least  know  the 
difference  between  a  toga  and  an  overcoat,  possibly  noting  the 
advantages  and  the  disadvantages  of  each;  while  a  boy  who  has  seen 
Doug'  Fairbanks  in  "Robin  Hood"  has  not  only  had  a  corking  good 
time,  but  is  really  better  prepared  to  understand  and  appreciate 
Scott's  "Ivanhoe"  or  the  mediaeval  history  that  he  gets  in  high 
school. 

This  is  only  a  partial  list,  sufficient  to  show  that  there  are  few 
subjects  which  may  not  be  illuminated  by  the  screen.  On  the  other 
hand,  we  must  not  fall  into  a  not  uncommon  error  of  feeling  that  it 
can  teach  everything,  or  that  it  is  a  royal  road  to  learning.  First  of 
all,  neither  the  teacher  nor  the  text-book  can  ever  be  replaced  by  the 
screen.  It  must  always  remain  an  aid  to  the  one  and  a  supplement 
to  the  other.  Secondly,  there  are  many  phases  of  subjects  which  can 
be  better  illustrated  through  other  media.  The  motion  picture  is 
essentially  an  expensive  article.  This  is  as  true  of  the  educational 
film  as  of  the  theatrical  film,  even  though  not  in  the  same  degree.  The 
making  of  a  good  educational  film  involves  the  expenditure  of  a 
great  deal  of  time,  energy  and  money.  It  is  wasteful  to  demand 
them  or  seek  to  apply  them  where  simpler  devices  are  equally  effec- 
tive. Take  a  few  simple  examples.  If  I  wished  to  show  my  class 
Niagara  Falls  or  the  great  geysers  of  Yellowstone  Park,  I  should 
select  a  good  motion  picture.  If  on  the  other  hand  I  wanted  to  show 
them  the  capitol  at  Washington  or  take  them  on  a  visit  to  Westmin- 
ster Abbey,  I  should  greatly  prefer  a  series  of  well  made  slides.  If  I 
wanted  to  show  a  boy  the  working  of  a  linotype  machine  and  could  not 
take  him  to  a  printing  establishment,  I  should  have  recourse  to  a 
motion  picture,  if  one  could  be  procured.  But  if  I  wanted  to  show 
him  the  invention  and  evolution  of  printing  as  an  art,  a  few  well 
chosen  slides  or  charts  would  be  equally  effective. 

There  are  a  great  many  other  problems,  involving  a  great  many 
other  precautions  which  concern  chiefly  the  professional  educator. 
I  assume  that  you  would  not  wish  me  to  take  up  your  time  in  the 
discussion  of  these.  Indeed  there  are  many  pedagogical  problems 
connected  with  the  use  of  this  latest  teaching  device  about  which 
none  of  us  are  any  too  clear  as  yet.  We  are  not  agreed  as  to  whether 
the  film  should  precede  the  recitation  or  culminate  it.  We  are  not 
certain  whether  it  should  be  presented  in  silence  or  accompanied  by 
explanation  and  discussion.  We  are  not  agreed  as  to  whether  it 
should  be  shown  in  sections  or  all  at  once.  We  are  not  sure  whether 
its  effectiveness  is  dependent  upon  the  psychological  age  of  the  child 
or  not. 

One  thing  is  very  clear  and  that  is  that  merely  throwing  motion 
pictures  at  the  children  is  not  using  them  as  an  educational  instru- 
ment.   Like  any  other  teaching  device,  they  must  be  fitted  into  the 
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educational  process  at  precisely  that  point  and  in  precisely  that  way 
which  is  calculated  to  render  them  most  effective  as  an  aid  to  visuali- 
zation. But,  as  I  have  said,  this  body  would  hardly  wish  to  concern 
itself  with  these  particular  problems. 

Practical  Problems  of  Engineering  Significance 

There  are  certain  practical  problems,  however,  in  the  solution 
of  which  the  motion  picture  engineer  may  be  of  direct  assistance  to 
the  educator.  These  turn  chiefly  upon  the  question  of  cost.  The 
greatest  deterrent  factor  in  the  educational  use  of  motion  pictures, 
to  date,  is  their  almost  prohibitive  cost.  This  is  chiefly  due  to  cost 
of  projection.  The  technique  of  producing  pictures  has  advanced  to 
a  point  approaching  perfection,  and  that  perfected  technique  will 
gradually  address  itself  to  the  production  of  educational  films,  as 
rapidly  as  the  market  for  them  can  be  created.  As  that  market 
broadens,  the  average  cost  of  the  pictures  themselves  will  be  dimin- 
ished. Thus,  while  there  is  great  difficulty  in  finding  good  pedagogic 
films  at,  present  and  while  those  we  do  find  cost  too  much,  that 
difficulty  is  an  inherent  one.  The  cost  of  projection  on  the  other 
hand  can  be  reduced  only  by  the  perfection  of  cheap  projectional 
devices,  and  that  is  where  you  can  help  us.  Our  projection  problem 
is  not  that  of  the  theatre.  The  technique  is  not  the  same.  We  do 
not  require  high  power  machines,  with  skilled  operators  and  with 
artistically  worked  out  lighting  effects.  What  we  need  is  a  simple, 
portable  projector,  on  which  a  straightforward  bit  of  filming  can  be 
shown  to  a  few  score  or  a  few  hundred  youngsters  in  a  room  that  is 
not  too  dark.  Every  new  lamp,  every  new  lens,  every  new  screen 
that  is  invented  helps  in  that  direction.  The  strides  that  have  been 
made  in  the  last  few  years  have  been  remarkable.  It  is  to  the  mem- 
bers of  a  body  such  as  this  that  we  must  look  for  still  more  startling 
strides  in  the  future.  Indeed,  with  a  little  more  attention  to  the 
scientific  production  of  educational  pictures  and  to  the  administrative 
problem  of  their  effective  distribution,  we  should  be  in  a  position  right 
now  to  put  the  pedagogical  film  on  a  sound  economic  basis,  were  there 
not  another  deterrent  factor  which  also  turns  upon  cost.  That  factor 
is  restrictive  legislation. 

Needed  Legislation 

We  are  not  permitted  in  most  jurisdictions  to  use  the  simple 
equipment  to  which  I  have  just  referred.  We  are  compelled  to  resort 
to  a  standard  machine,  with  booth  and  operator  or  go  without  pic- 
tures. The  concededly  dangerous  character  of  nitrate  of  cellulose 
film  and  the  very  slow  development  of  the  acetate  of  cellulose  film, 
not  yet  quite  the  equal  of  the  other  in  certain  essential  qualities, 
have  resulted  in  placing  and  keeping  on  the  statute  books  of  most 
states  the  sort  of  restrictive  regulation  with  which  you  are  all  familiar. 
This  is  a  condition  which  can  no  longer  be  tolerated.  The  production 
of  acetate  of  cellulose  stock  has  increased  one  hundred  per  cent 
within  the  last  year.  It  is  now  available  in  quantities  as  needed, 
and  at  a  very  trifling  differential  in  cost,  as  compared  with  the  nitrate 
stock.    Big  school  systems,  great  welfare  bodies  and  giant  industries 
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should  no  longer  be  treated  as  children  and  told  they  may  not  use 
this  perfectly  safe  article,  unless  it  is  of  an  irregular  width  and  perfor- 
ation, for  fear  some  irresponsible  person  will  take  chances  and  burn 
up  things.  The  time  has  come  to  remove  all  restrictions  from 
the  use  of  the  safe  article,  and  to  place  all  the  restrictions  and  all  the 
danger  signals  on  the  explosive  article.  This  would  have  been  the 
more  logical  procedure  at  the  outset,  though  perhaps  it  would  not 
have  been  entirely  possible  in  the  then  state  of  the  industry  or  of  the 
public  mind.  That  it  now  is  practicable  is  demonstrated  by  the  fact 
that  the  most  influential  and  significant  bodies  interested  in  this 
whole  problem  have  united  upon  such  a  program  within  the  last  few 
weeks.  An  amendment  to  the  New  York  State  law,  eliminating  the 
narrow  gauge  restriction,  has  just  been  passed  as  a  result  of  a  bill 
introduced  at  the  request  of  the  Visual  Instruction  Association  of 
America.  This  measure  is  not  exactly  ideal  but  it  is  an  entering 
wedge.  Also  its  introduction  and  our  campaign  for  its  enactment  led 
to  a  series  of  conferences  which  have  grown  nto  a  concerted  move- 
ment. These  conferences  involved  representatives  of  the  Eastman 
Kodak  Company,  of  the  Motion  Picture  Producers  and  Distributors 
of  America,  Inc.,  and  of  other  independent  producers,  as  well  as  of 
various  projector  concerns.  They  also  involved  representatives  of 
various  fire  protective  agencies,  such  as  the  National  Board  of  Fire 
Underwriters,  the  New  York  Board  of  Fire  Underwriters  and  the 
National  Fire  Protective  Association.  Finally  they  involved  repre- 
sentatives of  our  great  school  systems,  and  of  the  great  welfare  or- 
ganizations, such  as  the  Young  Men's  Christian  Association,  the 
Knights  of  Columbus,  the  Masons,  and  others  having  extensive 
educational  programs,  in  which  the  free  use  of  films  is  a  desideratum. 

Eventually  a  concrete  program  has  been  worked  out  which  will 
be  launched  next  year  in  every  state  in  the  union  and  which  is  calcu- 
lated, as  all  these  forces  are  agreed,  to  prove  the  ultimate  solution  of 
this  whole  vexed  problem  of  freeing  the  use  of  non-inflammable  film 
from  unreasonable  restrictions. 

The  program  is  a  very  simple  one.  It  consists  essentially  in 
treating  inflammable  film  (and  the  inflammable  sort  only)  very  much 
as  other  explosives,  or  as  dangerous  drugs  are  now  treated.  That  is, 
not  only  must  the  maker  or  dealer  be  licensed  and  keep  open  books, 
but  every  user  must  be  licensed  (at  a  nominal  fee,  of  course)  and  must 
furnish  his  license  number  before  he  can  procure  a  foot  of  film  from 
any  exchange.  We  feel  that  this  places  the  burden  where  it  belongs 
and  that  it  is  both  practicable  and  effective.  The  industry  has  vir- 
tually volunteered  to  assume  that  burden,  so  that  all  that  is  now 
needed  is  sufficient  co-operation  from  all  interested  to  translate  this 
program  into  law. 

May  I  in  closing  thank  you,  in  behalf  of  the  progressive  educators 
of  the  country,  for  the  services  rendered  by  the  members  of  your 
profession  in  perfecting  what  some  of  us  regard  as  our  most  helpful 
and  most  hopeful  teaching  device  and  in  turn  invite  your  attention 
to  and  co-operation  in  such  a  legislative  program  as  will  bring  this 
device  really  within  our  reach  in  a  practical  way. 
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DISCUSSION 

President  Porter :  It  seems  to  me  that  one  of  the  really  funda- 
mental and  big  problems  is  the  education  of  the  children.  Mr. 
Crandall  as  supervisor  of  lectures  on  the  Board  of  Education  in  New 
York  has  certainly  had  an  opportunity  to  study  the  needs  and  he 
has  presented  those  needs  very  ably  in  this  paper  and  asked  us  to 
present  to  him  our  problems.  It  is  up  to  us  now  to  discuss  it  and 
find  ways  and  means  to  meet  the  needs  he  has  shown  us. 

Mr.  Richardson:  I  think  it  would  be  impossible  to  discuss 
a  paper  of  this  length  and  in  a  field  in  which  we  are  not  very  well 
acquainted.  I  draw  your  attention  to  the  fact  that  in  this  paper 
and  in  many  papers  there  are  things  not  in  accordance  with  the 
nomenclature  of  the  Society. 
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HIGH  SPEED  MOTION  PICTURES— WITHOUT  AN 
ESPECIALLY  DESIGNED  CAMERA 

By  J.  H.  McNabb 

SCIENTIFIC  research  efforts,  especially  during  the  preceding 
half  decade,   apparently  have  resulted  in  more  rapid  strides 

toward  perfecting  the  film  for  high  speed  photography  than  was 
evidenced  by  the  mechanical  development  for  the  fullest  utilization 
of  the  speed  incorporated  in  the  emulsion  by  the  chemists.  Theoreti- 
cally, exposures  upwards  of  two  hundred  and  more  per  second  are  as 
easily  obtained  as  sixteen;  however,  in  the  absence  of  a  continuous 
movement  camera,  the  laws  of  inertia  of  moving  objects,  and  the 
comparatively  low  tensile  strength  of  film,  have  constituted  very 
serious  obstacles  for  an  intermittent  movement  camera. 

The  history  of  high  frequency  or  ultra-speed  camera  making  is 
replete  with  unsuccessful  attempts  to  produce  a  commercially 
practical  machine.  But  it  may  be  said  that  in  the  course  of  nearly  all 
mechanical  developments  there  have  been  numerous  failures  pre- 
ceding a  practical  success,  and  this  is  certainly  true  of  the  mechanism 
for  the  ultra-speed  motion  picture  of  today. 

Less  than  two  years  ago  there  were  a  number  of  specially  designed 
ultra-rapid  cameras,  which  were  an  improvement  over  reconstructed 
normal  speed  models;  however,  the  results  were  not  sufficiently 
satisfactory  from  an  economic  standpoint  to  meet  the  growing 
requirements  for  commercial  purposes,  and  their  use  has  since  become 
almost  negligible. 

Chief  among  the  seemingly  unsurmountable  difficulties  encoun- 
tered in  designing  a  practical  ultra-speed  camera  was  to  secure  a 
finely  balanced,  vibrationless  mechanism,  that  would  function  con- 
sistently without  interruption,  and  one  that  would  intermittently 
register  the  film  with  accuracy  and  with  absence  of  friction.  It 
was  logical  to  assume  that  the  ideal  outfit  should  combine  a  regular 
standard  intermittent  movement  camera,  with  an  attachment  for 
high-speed  operation,  and  be  capable  of  withstanding  the  severe 
duty  imposed  upon  its  mechanism  without  detriment  to  its  utility 
for  standard  or  normal  operation.  The  obstacles  involved  in  the 
designing  and  construction  of  just  such  a  combination,  which  is 
incorporated  in  the  ultra-speed  attachment  for  the  Bell  &  Howell 
Standard  Camera,  and  an  explanation  of  certain  outstanding  mechan- 
ical features  of  the  mechanism  are  interesting. 

In  order  to  make  one  hundred  and  twenty-eight  individual 
exposures  per  second  (a  minimum  for  ultra-speed)  with  the  regular 
standard  intermittent  movement  camera,  which  does  not  permit 
of  light  being  admitted  to  the  film  longer  than  l/272nd  of  a  second 


Fig.  1.     Fixture  for  Balancing  Cams  and  Shutter  Segments  at  High  Speed 


at  that  speed,  the  mechanism  from  which  the  film  derives  its  move- 
ment is  required  to  travel  two  hundred  and  fifty-six  times  per  second. 
This  means  that  the  film  must  be  accelerated  from  the  stationary 
period  to  a  speed  of  approximately  sixteen  feet  per  second  during  the 
downward  travel  for  the  succeeding  exposure  and  then  brought  to  a 
stationary  period  again,  consuming  only  l/256th  of  a  second  to 
complete  this  entire  cycle.  It  was  thus  quite  obvious  that  the  ordinary 
shuttle  movement,  whose  weight  and  construction  conform  to  the 
requirements  of  a  speed  of  sixteen  exposures  per  second  would  be 
entirely  impractical  and  unsafe  to  reciprocate  when  operated  at  the 
rate  of  one  hundred  and  twenty-eight  or  more  exposures  per  second. 
This  required  a  film  movement  mechanism  differing  entirely  from  the 
conventional  type,  but  built  to  efficiently  perform  the  same  duty. 

The  shuttle  of  the  cam  movement  in  the  regular  Bell  &  Howell 
Camera  weighs  approximately  one  ounce,  and  is  constructed  as  light 
as  is  consistent  with  regard  to  the  duties  imposed  upon  it.  In  the 
ultra-speed  film  movement  the  shuttle  or  vane — as  it  is  sometimes 
called — of  the  reciprocating  element  weighs  but  seventy  grains — 
one  hundred  sixty-six  thousandths  ounces.  By  maintaining  exactly 
this  weight,  the  inertia  at  the  instant  of  the  reversal  in  direction  of 
travel  for  this  reciprocating  member  is  within  limits  that  insure  the 
same  reasonable  length  of  life  that  could  be  expected  from  the 
regular  shuttle  movement  operating  at  sixteen  exposures  per  second. 

The  shuttle  teeth  differ  materially  from  those  of  the  regular 
movement,  in  that  eight  teeth,  four  on  each  reciprocating  member, 
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engage  the  film  and  draw  it  downward;  whereas,  only  two  teeth  or 
pins  are  used  in  normal  speed  work.  These  reciprocating  parts,  or 
vanes,  are  actuated  by  means  of  a  pin  shaft  mechanism  functioned 
by  a  transmission  gear,  which  engages  with  a  gear  attached  to  the 
shutter  cam  shaft.  The  vanes  are  held  in  position  by  means  of 
tension  springs,  and  the  teeth,  which  they  embody,  being  of  the 
ratchet  type,  engage  with  the  film  perforations  on  the  downward 
stroke,  and  recline  out  of  engagement  on  the  upward  travel  of  the 
shuttle.  The  exactness  of  the  registration  effected  by  this  method 
eliminates  the  use  of  pilot  pins  in  the  ultra-speed  movement,  and  as 
a  further  insurance  against  a  possible  lateral  movement  a  marginal 
pressure  plate  is  employed  contacting  the  film  along  a  length  of  about 
four  frames. 

It  has  been  the  contention  of  many  who  have  conducted  experi- 
ments in  an  effort  to  produce  a  practical  high-speed  camera,  that 
one  person  could  not  operate  either  a  specially  built  camera  or 
normal  intermittent  movement  camera  equipped  with  a  high-speed 
attachment,  due  to  the  tremendous  force  necessary  to  maintain  the 
required  momentum.  But  this  has  been  proven  a  fallacy,  because 
with  the  ultra-speed  mechanism  here  described  the  camera  is  operated 
by  one  person,  with  very  nearly  the  same  ease  as  attends  the  operation 
at  normal  speed. 

As  one  of  the  most  essential  requirements  is  balancing  it  involved 
considerable  experimenting  to  make  this  feature  easily  practical: 
however,  a  very  simple  and  effective  means  has  been  worked  out. 
Figure  No.  1  shows  a  specially  constructed  fixture,  in  which  shutters 
and  cams  are  minutely  balanced  at  a  running  speed  of  approximately 
15000  R.P.M. — which  is  equivalent  to  several  miles  per  minute  on  the 
circumference  of  the  main  shutter.  This  fixture  consists  essentially 
of  a  frame,  spindle,  friction  drum,  retaining  bracket  and  a  device 
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Fig.  2.     Ultra-Speed  Movement  Mechanism  Gear  Case  and  Crank 
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for  indicating  the  location  of  inequalities  in  weight  that  cause  an 
imperfect  running  balance  during  high-speed  tests.  The  friction 
drum,  about  six  inches  in  diameter,  is  inserted  in  a  high-speed  drill 
press  by  means  of  a  regular  drill  chuck  and  after  securing  the  cam  or 
shutter  to  be  balanced  to  the  lower  floating  end  of  the  fixture  spindle, 
it  is  positioned  so  that  the  friction  drum  contacts  with  the  spindle 
pulley.  The  upper  bearing  of  the  fixture  spindle  is  provided  with  a 
self -aligning  ball  bearing,  and  permits  very  free  revolution,  and  at 
the  same  time  acts  as  a  pivot  to  compensate  for  an  imperfect  balance, 
a  retaining  bracket  prevents  the  spindle  from  becoming  seriously 
deflected — which  would  occur  if  not  guarded.  By  covering  the 
lateral  surface  of  a  larger  diameter  of  the  spindle  with  prussian  blue, 
a  pointer  indicator  reveals  the  relative  location  of  the  high  spots  in 
both  shutters  and  cams.  By  removing  metal  from  that  portion  of  the 
units  under  test  approximately  190  degrees  in  the  direction  of  rotation 
from  the  position  of  the  high  spots  marked  by  the  indicator  the  weight 
of  the  unit  is  eventually  so  distributed  as  to  cause  the  floating  spindle 
to  rotate  on  a  single  imaginary  axis.  Thus  a  perfect  high-speed 
running  balance  is  obtained. 


Fig.  3.     Threading  of  Film  Through  Ultra-Speed  Mechanism,  Equipped 

with  Roller  Guides  (Used  for  Speeds  up  to  128  Exposures 

per  Second)  Also  Showing  1000  ft.  Magazines 
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Early  tests  proved  that  the  shutter  formerly  used  exclusively 
for  normal  speed  photography  developed  too  great  a  centrifugal 
force  to  insure  safety,  so  a  new  type  shutter  of  lesser  weight  was 
adopted. 

The  ultra-speed  attachment  consists  of  two  separate  and  distinct 
units,  one  of  which  (the  gear  case)  attaches  in  place  to  the  exterior 
of  the  camera  in  direct  engagement  with  the  camera  main  crank 
shaft,  and  increases  the  ratio  of  gearing  between  the  ultra-speed 
operation  crank  and  the  camera  main  (normal  speed)  crank  shaft. 
(See  Figure  No.  2.) 

The  second  unit,  comprising  the  ultra-speed  movement,  is  the 
auxiliary  cam  and  shuttle  by  which  the  extreme  speed  of  the  shutter 
operating  shaft  is  transferred  to  the  film.  This  entire  unit  displaces 
the  regular  register  leaf  and  shuttle  mounting  when  ultra-speed 
operation  is  desired  and  is  made  with  a  view  of  quickly  alternating 
when  in  the  field.  The  intermittent  movement  is  employed  and 
imparted  to  the  film  by  means  of  the  engagement  of  a  gear  embodied 


Fig.  4.     Threading  of  Film  Through  Ultra-Speed  Mechanism  Equipped 

with  Film  Chutes.     (Used  for  Speeds  Upwards  of  200 

Exposures  per  Second) 
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in  the  movement  mechanism  with  the  gear  on  the  camera  shutter 
shaft.    (See  Figure  No.  2.) 

To  accommodate  interchangeability  of  the  movement  it  is 
necessary  to  make  special  provision  to  certain  parts  of  the  integral 
mechanism  of  the  camera.  This  work,  requiring  but  a  few  days, 
does  not  in  any  manner  interfere  with  the  normal  use  of. the  camera. 
When  ultra-speed  effects  are  desired,  it  is  necessary  only  to  remove 
the  regular  shuttle  movement  mechanism,  replacing  it  with  the  ultra- 
speed  movement  mechanism,  which  occupies  exactly  the  same 
position  as  the  former. 

The  rated  capacity  of  the  ultra-speed  attachment,  with  roller 
film  guides  as  shown  in  Figure  No.  3  is  128  exposures  per 
second,  and  for  higher  speeds  the  special  film  chutes  shown  in  Figure 
No.  4  readily  accommodate  speeds  upwards  of  200  exposures  per 
second. 

The  quality  of  pictures  produced  at  the  128  or  200  exposure 
speed  compares  favorably  with  the  results  obtained  with  the  normal 
speed  shuttle  movement.  The  provisions  made  to  accommodate 
interchangeability  of  the  movements  interfere  in  no  way  with  the 
performance  of  either,  and  the  change  from  one  movement  to  the 
other  requires  only  about  one  minute  of  time.  If,  when  the  camera  is 
equipped  for  ultra-speed  work,  an  emergency  arises  whereby  normal 
speed  pictures  must  be  secured,  almost  instantly,  it  is  only  necessary 
to  detach  the  ultra-speed  crank  and  apply  the  regular  camera  crank 
to  the  camera  main  crank  shaft,   which  is  extended  through  the 


Fig.  5.     Flexible  Shaft  Set  up  for  Ultra-Speed  Operation 
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gear  box.  Thus,  the  ultra-speed  mechanism  is  capable  of  producing 
normal  speed  pictures  of  quality,  comparing  favorably  with  that 
made  with  the  regular  movement  mechanism. 

One  of  the  valuable  features  recently  perfected  for  use  in  ultra- 
speed  work  is  the  employment  of  a  flexible  shaft  for  driving  the 
camera  mechanism  (see  Fig.  No.  5).  By  clamping  the  gear  box  to  a 
table  or  ladder,  as  shown,  this  device  enables  the  photographer  to 
crank  at  topmost  speed  without  transmitting  arm  or  body  movement 
to  the  camera  or  tripod.  Results  with  this  method  are  exceptionally 
steady,  and  are  comparable  with  cinemotor  operation  at  normal 
speed. 

The  selection  of  the  lens  for  the  best  results  in  ultra-speed  work 
is  very  important,  but  no  attempt  will  be  made  to  suggest  or  indicate 
the  kind  most  suitable.  Because  of  the  many  varied  opinions  it 
would  be  difficult  to  propose  any  one  particular  make.  In  the  final 
analysis  the  individual  users  determine  the  lens,  which,  in  their 
judgment,  excels  in  performance.  Suffice  to  say,  however,  nearly 
all  makes  of  lenses  have  been  used  in  ultra-speed  work;  the  F-1.9 
Minor  and  Dallmeyer  lenses  have  proved  popular,  and  recently, 
the  new  B.  &  L.  Ultra-anastigmat  F-2.7  has  found  considerable  favor. 
Not  all  the  work,  however,  has  been  confined  to  the  so-called  fast 
working  lenses,  because  splendid  results  are  being  secured  with  the 
popular  foreign  and  domestic  F-3.5  lenses.  In  fact,  one  of  the  best 
and  clearest  slow-motion  pictures  I  ever  saw  was  taken  at  above  two 
hundred  exposures  per  second  on  an  interior  set  with  an  F-3.5  lens 
stopped  down  to  F-5.6. 

The  time  required  to  expose  a  400  foot  roll  of  film  is  about 
fifty  seconds,  and  on  lengthy  subjects  requiring  several  minutes  of 
actual  photography,  frequent  changes  would  be  necessary  where 
only  the  four  hundred  foot  capacity  retort  is  used.  A  valuable  feature 
is  the  employment  of  exterior  magazines,  which  affords  the  use  of 
1,000  foot  film  magazine.  (See  Figure  No.  3.)  This  furnishes 
ample  footage  for  the  average  slow  motion  subject  without  the 
inconveniences  of  changes  during  the  action,  and  becomes  invaluable 
on  subjects  requiring  continuity  of  operation. 

The  introduction  of  the  ultra-speed  attachment  on  the  market 
undoubtedly  has  placed  the  slow  motion  picture  on  a  sound  and 
practical  commercial  basis,  and  the  great  advantages  of  the  facilities 
afforded  were  immediately  recognized.  Besides  making  possible  the 
production  of  ultra-speed  pictures  of  a  highly  analytical  character 
the  entire  cost  of  an  ultra-speed  attachment  is  only  a  fraction  of  the 
previous  cost  of  having  a  single  slow-motion  subject  made.  Many  of 
these  attachments  are  now  in  operation,  and  the  research  made 
possible  through  their  use  is  daily  benefiting  mankind  in  a  thousand 
and  one  different  ways. 
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DISCUSSION 

Mr.  Richardson:  Has  any  decision  as  to  the  ultimate  limit  of 
speed  been  reached. 

Mr.  McNabb:  I  don't  think  anyone  can  answer  that  question. 
We  believe  that  it  is  hardly  possible  for  an  intermittent  movement 
camera  to  produce  pictures  satisfactorily  at  speeds  above  250  expo- 
sures per  second,  but  this  does  not  mean  it  cannot  be  done.  There 
are  cameras  of  continuous  movement  character  such  as  exhibited 
by  Mr.  Jenkins  at  one  of  our  convention  meetings,  and  I  think 
others  are  on  the  market  claiming  upwards  of  1000,  but  these  should 
not  be  confused  with  the  intermittent  motion  cameras.  The  photo- 
graphic results  of  the  continuous  motion  camera  cannot  compare  in 
quality  with  the  intermittent. 

Mr.  Palmer:  How  long  does  it  take  to  get  this  up  to  speed? 

Mr.  McNabb:  Normally,  about  four  feet. 

Mr.  Richardson:  What  is  the  present  status  of  the  noninter- 
mittent  camera?  Does  it  give  promise  of  ultimate  success  of  hundred 
per  cent  photography? 

Mr.  McNabb  :  I  have  not  yet  seen  the  satisfactory  continuous 
high  speed  motion  picture.  The  demonstration  at  Washington  while 
good  was  not  very  clear.  There  is  a  foreign  continuous  camera  on 
the  market,  working  with  a  multiplicity  of  prisms  rather  than  lenses, 
but  I  understand  the  photography  is  poor.  I  have  not  seen  any 
ultra  speed  results  that  compared  as  favorably  with  normal  speed 
photography  as  that  secured  with  the  intermittent  movement  camera. 

Mr.  Capstaff:  Does  the  camera  give  any  difficulty  owing  to  the 
emulsion  gumming  up  the  gate? 

Mr.  McNabb  :  No,  we  have  not  had  any  such  experience.  Occa- 
sionally, some  one  did  not  oil  his  mechanism  properly  and  got  into 
trouble,  but  when  the  mechanism  is  oiled  there  is  no  difficulty  of  that 
kind. 

Mr.  John  H.  Jones:  Is  there  any  trouble  due  to  static  effect? 

Mr.  McNabb:  We  have  had  no  more  trouble  from  that  source 
than  we  have  had  with  normal  speed  cameras.  Occasionally,  it 
develops  on  the  Coast,  but  it  seems  to  depend  on  atmospheric  con- 
ditions. 

Mr.  Theiss:  Is  there  any  cranking  difficulty? 

Mr.  McNabb:  It  is  possible  to  hold  the  camera  in  your  hand 
while  another  man  cranks  the  gear  box  and  get  as  good  results  as  with 
a  tripod.  There  is  no  side  or  up  and  down  motion  when  the  flexible 
shaft  is  used. 
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CINE  LIGHT 

By  Douglas  E.  Brown 

THE  camera  man  in  the  studio  runs  two  machines.  The  lights 
bombard  surfaces  with  radiant  energy.    The  camera  records  the 

time-space-intensity  distribution  of  a  selected  portion  of  the 
energy  these  surfaces  reflect.  No  camera  man  can  have  more  delicate 
control  over  this  double  mechanism  than  the  delicacy  of  his  control 
of  the  lights.  So,  unless  the  light  machine  is  a  trifle  better  than  the 
camera,  the  studio  is  going  to  feel  that  light  is  no  better  than  a  neces- 
sary evil. 

The  camera  man  still  clings  to  the  crank,  his  ancient  sign  of 
power,  but  he  is  become  of  value  to  the  art  in  direct  proportion  to  his 
mastery  of  light.  The  light  machine  will  be  controlled  at  the  camera 
by  the  camera  man.  More  than  one  light  source  will,  except  in  special 
cases,  be  required,  but  the  number  of  sources  used  during  the  photog- 
raphy of  any  scene  will  not  depend  on  the  total  photic  flux  demanded 
by  the  sensitivity  of  the  emulsion,  but  on  the  direction,  distribution 
and  quality  of  light  wanted.  Single  light  sources,  each  powerful 
enough  to  light  a  large  set  unaided,  will  be  available,  but  these  lights 
must  be  built  for  the  studio. 

Years  ago  on  the  coast  some  one  tried  to  use  a  big  searchlight, 
bought  from  the  navy.  The  base  was  so  heavy  that  it  took  twelve 
men  to  move  it  around  on  the  lot,  and  when  this  monster  had  been 
placed,  like  the  parabolic  mirror  which  Archimedes  used  against  the 
Roman  fleet,  it  began  to  burn  up  the  scenery. 

What  sort  of  control  will  the  camera  man  want  to  exercise  over 
such  powerful  lights?  He  will  place  the  sources.  He  will  smoothly 
govern  the  radiant  flux  they  play  on  the  set  and  on  the  action  from 
zero  to  any  desired  intensity.  He  may  desire  to  govern  quality:  to 
diffuse  any  proportion  of  the  hard  light  over  an  area  of  any  size  by 
putting  in  front  of  it  a  translucent  screen  or  reflector,  which  becomes 
in  effect  a  new  source,  of  relatively  low  brightness.  By  varying  all  of 
these  factors  separately  and  together  before  he  starts  the  camera,  the 
artist  will  produce  in  light  and  shade  a  background  for  the  action, 
emphasizing  its  dominant  mood.  While  the  scene  is  being  shot  it  w.li 
occasionally  be  desirable  to  heighten  its  emotional  appeal  by  a  pro- 
gressive increase  in  the  hardness  of  the  illumination  upon  the  actors. 
A  changing  light  on  the  scene  may  frequently  be  valuable,  for 
example :  Appia's  famous  effect  in  the  third  act  of  Die  Walkure.  The 
storm  rises  and  clouds  roll  in  toward  the  cliff  where  the  action  speeds 
up  to  a  crescendo  of  excitement  as  thunderheads  darken  and  over- 
whelm it.  This  sort  of  counterpoint,  shown  on  a  projection  screen, 
would  be  cinematic. 
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Mobile  light  in  the  studio  will  facilitate  the  composition  of  the 
most  simple  picture,  and  will  place  at  the  director's  disposal  the  visible 
dimensions  of  time-space-intensity  and  time-space-quality. 

As  long  ago  as  1916,  Cecil  B.  DeMille  "came  to  the  conclusion 
that  lighting  effects  as  applied  to  motion  pictures  have  the  definite 
characteristics  of  music:  that  artistic  lighting  in  the  motion  picture 
assumes  precisely  the  same  value  in  the  photodrama  that  music 
assumes  in  the  spoken  drama.  I  have  found,  says  DeMille,  "that 
emphasizing  or  softening  certain  dramatic  points  in  the  motion 
picture  can  be  realized  by  the  discriminating  use  of  light  effects."1 

The  quality  of  the  illumination  from  one  source  upon  any  real 
object,  intensity  being  constant,  is  a  function  of  the  solid  angle  sub- 
tended at  the  object  by  the  light  source.  A  source  of  high  photic 
intensity  as  distant  from  the  object  as  studio  conditions  permit,  may 
be  assumed  to  throw  nothing  but  hard  light  on  the  surfaces  it  directly 
illuminates.  Completely  soft  lighting  would  be  realized  at  the  center 
of  a  glowing  dome,  in  which  each  small  portion  of  interior  surface 
area  behaved  like  a  source  of  relatively  low  photic  intensity.  Glossy 
surfaces  under  a  single  hard  light  will  reflect  the  source  specularly 
and  may  cause  halation  in  the  negative.  Shadow  edges  will  be 
sharp,  and  surfaces  in  shadow  will  not  photograph.  All  curved  illumi- 
nated surfaces  will  show  three  distinct  regions  of  photic  brightness: 

1.  A  relatively  narrow  region  of  high  light,  or  semi-specular 
reflection. 

2.  A  broader  region  of  nearly  even  brightness,  due  to  reflection 
perfectly  diffused. 

3.  A  relatively  narrow  zone  between  the  diffuse^  reflecting  area 
and  shadowed  surface,  across  which  the  photic  brightness  drops 
steeply  to  zero. 

On  rough  surfaces  there  will  be  a  less  sharp  demarcation  between 
these  regions.  Other  things  being  equal,  the  photic  brightness  of  a 
surface  is  reduced  proportionally  to  its  selective  absorption  of  those 
wave  lengths  to  which  the  emulsion  is  sensitive.  Under  completely 
soft  light  the  camera  will  silhouette  all  objects  in  film  densities  pro- 
portionally to  their  reflection  factors. 

Such  a  picture,  thrown  on  a  projection  screen,  does  not  register 
to  the  camera  man  a  subjective  scene  identical  with  that  which  the 
real  scene  registered  while  he  was  taking.  The  picture  is  flat,  the 
relative  brightnesses  of  large  surfaces  have  been  altered  and  in  some 
cases  confusingly  reversed,  which  has  made  the  composition  less 
pleasing,  there  is  no  color.  Conceivably  the  camera  man  might  school 
himself  to  make  allowance  for  all  these  varying  factors,  and  by  the 
arrangement  of  surfaces,  which  should  be  to  him  merely  symbols  of 
projection  screen  brightness,  compose  a  motion  picture  which  should 
have  throughout  perfect  unity  of  pictorial  appearance.  However, 
flat  pictures  of  this  sort  are  by  custom  restricted  to  the  cartoon  and 
mechanigraph.  A  technique  of  composition  infinitely  more  flexible 
is  made  possible  by  using  hard  light.  Curved  surfaces  may  appear 
to  stand  out  in  sculptural  relief.  Shadow  enters  into  the  composition 
as  mass.     The  picture  may  be  given  apparent  depth,  by  lighting  the 

1  "Motography"  Jan.  29,  1916. 

41 


background  more  intensely  than  the  foreground,  a  familiar  trick  of 
Gustave  Dore,  who  seems  to  have  imagined  cinematic  lighting  in  the 
days  of  the  zoetrope.  In  one  of  his  engravings  for  the  Divina 
Commedia  {Purgatory,  Canto  III,  lines  56-59)  Dante  and  Virgil,  in 
shadow,  facing  directly  away  from  the  camera,  gaze  up  at  a  brightly 
lit  procession  which  moves  in  the  background  and  above  them,  along 
the  edge  of  a  dark  cliff.  The  stereoscope  effect  is  striking.  Any  light- 
ing technique,  however,  is  superimposed  upon  the  photic  reflection 
factor  effect.  The  camera  man  is  forced  to  compose  in  intensities 
which  he  imagines,  for  he  cannot  see  them.  The  camera,  loaded  with 
sensitive  orthochromatic  film,  and  provided  with  a  suitable  ray  filter, 
would  record  only  visible  brightness  intensities.  The  confusing 
concept  of  actinic  invisible  light,  involved  in  the  use  of  the  usual  cine 
film,  requires  that  the  camera  man  shall  bear  in  mind  an  elaborate 
double  scale  of  pigments,  because  no  fixed  relation  exists  between 
pigment  brightness  in  the  visible  spectrum,  and  in  the  ultra  violet. 
On  the  other  hand,  a  sufficient  photic  flux  of  filtered  light  could  only 
be  provided  by  light  sources  of  high  candle  power.  The  extra  current 
cost  of  such  apparatus  may  be  regarded  as  unimportant,  but  its  great 
weight  might  make  it  clumsy.  Moreover,  film  laboratories  are  not 
equipped  conveniently  to  handle  orthochromatic  film.  So  in  any 
commercial  studio  the  energy  entering  the  camera  cannot  yet  be 
be  limited  to  visible  light. 

A  similar  theoretical  ideal  would  be  the  composition  of  sets  and 
costume  in  colors  which  the  camera  was  equipped  to  record.  If 
actors  were  puppets,  most  excellent  designs  in  black,  white  and  tones 
of  gra}^  might  be  arranged  with  the  studio.  But  the  actor  is  not  a 
puppet,  and  demands  the  sort  of  setting,  in  natural  color,  which  shall 
put  him  at  ease.  Temperamental  actors,  moreover,  have  frequently 
insisted  upon  a  serious  abuse  of  light:  that  it  be  used  to  emphasize 
not  the  action,  but  themselves.  So  portions  of  the  stage  are  over- 
lighted,  and  to  preserve  the  composition,  the  whole  stage  must  be 
brought  up  to  an  unsuitable  tone.  The  excellence  of  lighting  appa- 
ratus is  the  limiting  factor  in  designing  sets  for  the  studio,  for  a  set 
lighted  in  an  awkward  or  complex  manner  will  surely  distract  atten- 
tion from  the  story.  Light  is  cheaper  than  lumber.  However,  there 
can  be  no  proper  separation  made  between  the  design  of  a  set  and  the 
lighting  of  it;  these  things  ought  to  be  considered  together.  A  sepa- 
ration, it  is  true,  is  often  found  to  exist  between  the  lighting  of  the 
set  and  the  lighting  of  the  action,  and  two  separate  lighting  schemes, 
overlapping  in  certain  regions,  may  be  worked  out.  The  faces  of 
actors  especially  will  require  individual  lighting  attention.  Because 
of  this,  many  sets  will  tend  to  separate  into  two  rather  sharply 
defined  regions — a  fore-stage,  near  the  camera,  where  most  of  the 
action  will  take  place,  and  the  background,  each  lighted  differently. 

Cinematic  effects  as  uniquely  characteristic  of  the  art  as  the 
vision  may  be  obtained  with  light  by  deliberately  intensifying  the 
difference  between  these  regions.  Thus  Dore  narrows  the  fore-stage 
till  there  is  hardly  standing  room  for  his  two  actors,  and  does  not  light 
them  at  all,  so  that  they  are  silhouetted  black  against  a  gigantic 
frosty  pageant  of  mounted  warriors,  in  soft  focus,  which,  brilliantly 
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lit,  moves  obliquely  toward  and  across  the  face  of  the  camera.  (Canto 
X,  lines  74-76.) 

It  appears  that  the  fundamental  studio  lighting  unit  is  a  hard 
light  of  low  weight  per  lumen,  provided  with  separable  diffusers, 
parabolic  reflector,  and  a  large  reflecting  screen.  There  should  be  a 
means  provided  for  dimming  it,  which  can  be  controlled  from  the 
camera.  A  dozen  such  lights,  of  varying  sizes,  should  provide  a 
sufficiently  elaborate  equipment  for  the  photography  of  any  ordinary 
scene  within  the  studio. 

The  individual  artist  will  always  develop  a  special  technique  in 
the  use  of  such  a  machine.  However,  a  few  of  the  more  probable 
combinations  may  be  suggested.  The  bare  light  will  seldom  be  used, 
because  its  intrinsic  brilliancy  would  probably  be  great  enough  to 
produce  a  blinding  glare,  which  would  interfere  with  the  free  move- 
ment of  the  actors.  A  diffusing  fabric  of  woven  glass  wool,  placed 
very  close  to  the  source,  will  emit  the  hardest  desirable  light  for  most 
purposes.  For  medium  hard  light,  of  variable  quality,  a  diffusing 
door,  of  variable  clarity,  could  be  fitted  over  the  light  box.  A  soft 
illumination  of  any  quality  might  be  obtained  by  throwing  hard 
light  upon  a  large  diffusing  reflector.  The  largest  movable  units 
ought  not  to  be  clumsily  heavy,  probably  a  limiting  mass  will  be 
reached  in  the  neighborhood  of  three  hundred  pounds.  Within  this 
limit,  it  is  already  possible  to  obtain  a  flux  of  nearly  a  million  lumens 
from  one  unit.  (About  eighty  thousand  mean  spherical  candle 
power.)  This  is  a  power  of  a  good  order  of  magnitude  for  studio 
work.  While  the  brightness  to  which  the  set  ought  to  be  illuminated 
will  always  be  related  to  the  sensitivity  of  the  emulsion,  and  the 
area  of  the  lens  aperture,  it  has  a  proper  upper  limit.  The  eye  dis- 
tinguishes brightness  differences  most  delicately  when  it  is  adapted  to 
a  field  brightness  of  about  one  lambert.  A  field  brightness  of  ten 
lamberts  is  uncomfortable.  Large  bright  areas,  then,  ought  never 
to  be  as  bright  as  ten  lamberts,  and  for  the  best  composition  should 
be  about  one  lambert  bright.  Between  one  and  two  thousand  lumens 
per  square  foot  will  produce  a  brightness  of  the  order  of  a  lambert  in 
light  colored  objects.  Such  an  intensity  might  be  obtained  by  a 
million  lumen  light  over  five  hundred  square  feet  of  scene,  or  about 
the  area  the  camera  angle  subtends  at  sixteen  yards.  For  the  incident 
illumination  would  be  two  thousand  lumens  per  square  foot  and, 
assuming  an  average  reflection  factor  of  forty-five  per  cent  in  the  light 
colored  objects,  there  will  be  reflected  nine  hundred  lumens  per 
square  foot  or  about  one  lumen  per  square  centimeter,  or  one  lambert. 

This  visible  intensity,  of  course,  will  bear  only  an  approximate 
relation  to  the  photic  brightness.  Ordinary  cine  film  is  most  sensitive 
just  at  the  violet  limit  of  vision,  records  readily  far  into  the  ultra 
violet,  and  is  hardly  affected  by  surfaces  which  emit  green  or  yellow 
light.  (Curve  A.)  The  retina  feels  violet  vaguely,  green  and  yellow 
as  bright,  and  extreme  red  vaguely.  (Curve  D.)  This  discrepancy, 
however,  is  partially  corrected  in  the  camera  (Curve  F)  for  a  glass 
lens  system  is  increasingly  opaque  to  the  ultra  violet  beyond  the 
limit  of  vision,  and  usually  transmits  no  energy  of  less  wave  length 
than  three  hundred  thirty  or  forty  millimicrons  (Curve  B).     But 
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Diagram  One 


SPECTRAL  DISTRIBUTION  CURVES 

A.  Photographic  Negative  Material 

B.  Transmission  of  Glass 

C.  Relative  Energy  of  Source 

D.  Visibility  Curve 

E.  Visible  Brightness 

F.  Sensitivity  Curve  of  Camera 

G.  Photic  Reflection 
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another  factor  often  makes  for  increased  discrepancy.  The  energy 
distribution  of  the  light  source  is  never  uniform  over  the  spectrum 
(Curve  C) .  If  the  source  emits  more  of  its  energy  in  the  frequency  to 
which  the  camera  is  sensitive  than  in  the  region  to  which  the  eye  is 
sensitive,  invisible  photic  intensities  are  exaggerated.  Under  the 
conditions  of  sensitivity  and  energy  distribution  of  source  laid  down 
in  Diagram  One,  a  part  of  the  set  reflecting  a  given  amount  of  energy 

SPECTRAL  DISTRIBUTION  CURVES 

E.  Boundary  of  the  area  derived  in  Diagram  One,  which  describes 
the  state  of  maximum  brightness  for  a  unit  of  surface  reflecting  a 
unit  quantity  of  energy,  drawn  to  the  same  scale  as 

G.  Boundary  of  the  area  which  under  the  given  conditions,  describes 
the  state  of  maximum  photic  reflection  for  a  unit  of  surface  re- 
flecting a  unit  quantity  oi  energy. 


Diagram  Two 
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will  appear  brightest  to  the  camera  when  the  selective  reflecting 
power  is  distributed  along  the  spectrum  in  the  manner  indicated  by 
the  curve  G.  Graphically  expressed,  photic  brightness  may  be 
described  as  the  relation  between  an  area  with  the  dimensions  (Y) 
of  intensity  of  reflection  of  the  part  of  the  set  under  consideration  and 
(X)  the  spectral  distribution  of  this  intensity,  and  an  area  of  the 
same  sort  of  dimensions  (like  the  area  under  G)  which  describes  a 
surface  receiving  the  same  amount  of  energy  per  square  centimeter 
from  the  light  source,  and  reflect'ng  it  so  as  to  make  the  greatest 
possible  impression  upon  the  emulsion.  Brightnesses,  as  the  camera 
man  sees  them  while  he  is  taking,  graphically  analyzed  in  a  similar 
manner,  would  all  relate  to  the  area  under  the  curve  E,  which  is  the 
familiar  visibility  curve  as  distorted  by  the  energy  distribution  of  the 
illuminant. 

When  the  extreme  photic  reflection  limit  of  the  set  is  plotted  to 
the  same  scale  as  the  extreme  brightness  limit  (Diagram  II)  the 
degree  of  correspondence  between  photic  and  visible  brightnesses 
irregularly  distributed  over  the  whole  set  may  be  estimated,  by  con- 
sidering the  relation  of  the  area  of  overlap  (cross  hatched  in  the 
diagram)  to  either  of  the  primary  areas  (Area  under  G,  and  area 
under  E) .  Under  the  conditions  laid  down  in  the  initial  diagram,  the 
light  used  would  have  been  about  eighty-four  per  cent  invisible,  the 
light  seen,  eighty  per  cent  unused.    When  it  is  considered  that  the 
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camera  man  composes  in  brightness  intensities  to  at  least  as  great  an 
extent  as  he  composes  in  line,  the  magnitude  of  the  task  that  this 
condition  imposes  upon  his  memory  and  imagination  may  be  realized. 
It  seems  especially  unfortunate  that  accepted  practise  should  lay 
great  stress  upon  the  usefulness  of  actinic  invisible  light. 

Indeed  it  appears  desirable  that  the  area  in  which  curves  E  and 
G  overlap  should  be  increased  by  filtering  out  as  much  of  the  ultra 
violet  as  the  sensitivity  of  the  camera  permits.  With  orthochromatic 
film,  and  a  filter  like  the  Wratten  Aero  No.  1,  some  such  result  as 
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The  Light  Used  Might  Be  10%  Visible 
The  Light  Seen  Might  Be  68%  Used 
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diagrams  three  and  four  indicate  is  possible,  at  a  cost  of  a  consider- 
ably increased  exposure.  An  adequate  lighting  equipment,  however, 
should  be  powerful  enough  to  force  a  good  photic  flux  through  a  filter 
opaque  to  ultra  violet  energy. 


46 


DISCUSSION 

i 

Mr.  R.  C.  Hubbard:  I  have  seen  many  camera  men  take  a 
piece  of  green  or  violet  filter — I  don't  know  the  color — and  look 
through  at  the  set.    Can  they  get  a  better  idea  of  the  light  that  way? 

Mr.  Brown:  They  cut  out  a  certain  portion  of  the  unused  light 
by  squinting  through  a  piece  of  Cobalt  Blue  glass.  They  cannot  cut 
out  all  because  the  eye  is  not  sensitive  to  ultra-violet  light.  This 
reduces  the  discrepancy  between  what  the  camera  sees  and  eye  sees. 
It  does  give  a  more  accurate  notion  of  the  invisible  conditions  than 
when  you  have  no  blue  glass. 

Mr.  Egeler:  Are  the  data  based  on  an  illuminant  having  the 
energy  distribution  shown  in  Curve  C  used  as  a  light  source? 

Mr.  Brown  :  That  curve  is  as  close  as  Mr.  Bassett  could  give  me 
to  the  average  condition  of  the  Sperry  sunlight  arc;  however,  it  is 
unnecessary  to  specify  the  sort  of  light  source  because  they  are  all 
irregular  in  their  energy  distribution  throughout  the  spectrum,  and 
most  of  them  in  such  a  way  as  to  exaggerate  the  invisible  photic  in- 
tensities. That  curve  is  really  unknown  in  the  extreme  ultra-violet. 
The  transparency  of  glass  to  such  light  is  so  small  that  I  believe 
neither  the  Sperry  Company  nor  the  Bureau  of  Standards  have 
plotted  to  their  satisfaction  the  curve  in  the  vicinity  of  300  mil- 
limicrons. 

Dr.  Mees:  Mr.  Brown  suggests,  as  I  understand  it,  that  the  only 
problem  in  the  use  of  visible  light  for  photographing  recording  in 
the  motion  picture  camera  instead  of  the  extreme  violet  and  the 
ultra-violet  is  the  limitation  of  intensity.  Now,  I  want  to  warn 
you  that  is  not  the  only  limitation.  The  getting  of  sufficient  intensity 
with  panchromatic  materials  and  filters  is  probably  not  the  chief 
difficulty;  but  there  are  distinct  changes  in  quality  produced.  The 
quality  of  a  panchromatic  or  an  orthochromatic  material  is  different 
from  that  of  the  ordinary  film  used  in  the  extreme  violet.  Its  re- 
solving power  and  latitude  are  less,  and  there  are  other  factors  pro- 
ducing photographic  effects.  In  making  any  change  these 
photographic  phenomena  must  be  considered.  Our  laboratory  has 
published  papers  on  them,  but  it  would  require  more  work  if  they  were 
involved  to  any  extent  in  motion  picture  work.  I  do  not  think  that 
at  the  present  time  thoroughly  satisfactory  results  could  be  obtained 
if  we  had  the  light  sources. 

Mr.  Brown:  One  might  approach  more  nearly  to  the  ideal 
conditions  than  at  present. 

Dr.  Mees:  I  don't  agree  with  you. 

Mr.  Brown:  That  is,  one  should  not  adopt  a  filter  cutting 
out  all  the  ultra-violet,  but  don't  you  think  if  the  curve  were  moved 
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ever  so  slightly  in  this  direction  (indicating)  that  composition  in  the 
studio  would  be  simplified? 

Dr.  Mees:  I  don't  think  an  approximation  to  it  would  be 
worth  while. 

Mr.  Richardson:  I  know  nothing  about  panchromatic  curves 
but  I  have  made  some  pretty  good  photographs.  Do  I  understand 
that  of  the  light  we  see  only  this  percentage  of  it  affects  the  film  in 
the  camera  (pointing),  and  does  this  percentage  decrease  as  the 
middle  of  the  day  goes  by?    That  is,  does  the  light  get  weaker? 

Mr.  Brown:  Will  you  repeat  the  question? 

Mr.  Richardson:  Is  only  about  20%  of  the  light  effective? 

Mr.  Brown:  Exactly. 

Mr.  Richardson:  Then  in  the  middle  of  the  day  this  curve 
(C)  increases. 

Mr.  Brown:  The  shape  of  this  curve  (C)  changes  with  the 
nature  of  the  light  source. 

Mr.  Manheimer:  Are  these  curves  for  artificial  light  sources? 

Mr.  Brown:  Similar  curves  may  be  constructed  using  tropical 
sunlight,  for  example.  This  would  distort  the  curves  in  a  different 
manner  but  would  not  result  in  any  very  serious  difference  in  these 
statements  here  (pointing).  More  than  half  the  radiant  energy 
used  would  be  invisible  and  more  than  half  the  light  unused. 

Mr.  Palmer:  I  should  like  to  ask  Dr.  Mees  to  explain  a  little 
more  in  detail  the  point  which  he  made.  From  the  practical  stand- 
point, it  seems  to  me  that  if  the  film  was  sensitive  to  the  light  that 
we  see  we  should  be  more  sure  of  our  results.  Dr.  Mees,  as  I  under- 
stand it,  does  not  agree  with  this. 

Dr.  Mees:  Yes,  I  do.  That  is  correct;  that  simple  statement, 
but  there  are  limitations  due  to  the  film.  If  you  take  the  film  avail- 
able, use  it  with  a  filter  so  it  will  give  the  same  result  as  the  eye  sees, 
the  photographic  quality  of  the  results  as  regards  reproduction  of 
a  scale  of  tones  will  not  be  so  good  through  a  long  range.  It  is  due 
to  the  photographic  limitations  of  the  film.  The  range  of  intensities 
reproducible  b}^  the  film  depend  upon  the  wave-length  of  the  light. 
It  is  longer  for  the  extreme  violet  and  least  for  the  green,  and  the 
sharpness  of  the  image  also  goes  down  and  then  increases  somewhat. 
If  you  use  a  panchromatic  film  with  a  filter,  you  can  get  good  results 
with  it  providing  you  are  limiting  the  range  of  intensities  you  are 
working  with,  but  with  the  extreme  conditions  it  will  fail  sooner 
than  the  corresponding  film  used  with  ultra-violet,  and  if  anybody 
is  transferring  from  ordinary  to  panchromatic  film,  they  must  go  to 
school  again  and  learn  all  over  again,  because  they  will  have  limita- 
tions they  have  not  got  now. 

Mr.  Little:  With  reference  to  brightness  differentials,  it 
was  stated  that  the  eye  was  most  sensitive  with  a  brightness  of  about 
one  lambert.  We  have  been  accustomed  to  thinking  that  the  eye 
was  more  sensitive  further  down.  There  is  much  published  data 
showing  that  the  eye  is  more  sensitive  to  two  or  four  millilamberts 
than  to  one  lambert.  I  wonder  what  data  shows  the  eye  more 
sensitive  at  one  than  at  two  lamberts. 

Mr.  Brown:  In  the  face  of  such  authority  I  withdraw  the 
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assertion.  However,  the  impression  obtained  from  some  of  the 
Eastman  publications  is  that  the  sensitivity  of  the  eye  is  greatest 
under  about  the  ordinary  daylight  conditions  under  which  the  eye 
may  be  supposed  to  have  developed — caveman  and  all  that  sort  of 
thing.  I  wanted  to  push  it  to  the  top  because  I  wanted  an  intensity 
you  could  photograph  with.  Perhaps  I  was  led  to  make  a  statement 
not  accurate,  but,  at  any  rate,  the  eye  is  much  more  sensitive  under 
brightnesses  of  one  lambert  than  at  brightnesses  of  10  lamberts,  and 
therefore  it  is  advisable  to  hold  down  the  intensity  of  all  bright 
surfaces  in  the  studios  as  close  to  one  lambert  as  you  can.  I  do  not 
think  you  can  go  below  with  orthochromatic  or  panchromatic  film 
to-day. 

Mr.  L.  A.  Jones:  I  think  probably  the  data  Mr.  Brown  refers 
to  were  from  a  paper  published  by  Dr.  P.  G.  Nutting  in  which  are 
given  the  various  sensitivity  curves  for  the  eye.  According  to  the 
data  there  published,  the  contrast  sensitivity  rises  and  reaches  a 
maximum  at  about  1  millilambert.  The  sensitivity  then  remains 
constant  as  the  adaptation  level  is  increased  up  to  about  500  milli- 
lamberts  (.5  lamberts) ;  for  higher  brightnesses  the  contrast  sensitivity 
decreases  fairly  rapidly.  In  the  region  of  maximum  sensitivity  the 
just  perceptible  difference  in  brightness  is  approximately  +1.7%. 
This  extends  throughout  the  range  of  field  brightness  from  1  to  500 
millilamberts. 

Mr.  Little:  In  our  photometric  work  we  used  to  work  with 
low  brightnesses — down  between  1/ 100th  of  a  lambert,  that  is 
5  or  10  millilamberts  and  we  have  never  had  greater  consistency 
in  photometering  than  we  did  with  these  brightnesses.  I  am  sure 
that  this  is  so  since  we  used  a  five  meter  bar  with  an  8  c.p.  lamp  at 
each  end,  therefore  you  can  realize  how  low  the  brightnesses  were. 
We  can't  meet  it  to-day  with  sources  from  5  to  50  millilamberts. 

Mr.  Renwick:  I  should  like  to  ask  the  author  what  it  is  he 
is  advocating.  It  seems  to  me  he  is  advocating  the  use  of  panchro- 
matic materials  for  all  work.  If  so,  I  think  he  should  say  so,  because 
among  cinematograph  operators  there  are  many  who  can  show  him 
what  the  drawbacks  are.  Ordinary  silver  bromide  is  sensitive  only 
in  the  blue- violet  region,  and  while  a  fair  degree  of  sensitiveness  to 
the  green  and  red  can  be  imparted  to  it  by  means  of  certain  dyes 
the  blue  sensitiveness  remains  and  must  be  suppressed  by  means  of 
a  yellow  filter  so  that  so  far  as  length  of  exposure  is  concerned  you 
must  throw  away  at  one  end  what  you  have  gained  at  the  other,  and 
in  addition  to  the  drawbacks  mentioned  by  Dr.  Mees  you  must 
work  in  total  darkness  when  you  go  to  develop. 

Mr.  Brown:  I  advocate  an  increase  of  this  common  area 
(indicating  shaded  area),  but  I  do  not  advocate  that  we  immediately 
approximate  the  sensitivity  curve  of  the  eye.  I  advocate  that  we 
increase  this  similarity  of  the  camera  to  the  eye  which  may  be  done 
by  an  alteration  in  the  sort  of  light  source,  by  placing  ray  filters  in 
front  of  the  lens  or  a  filter  immediately  in  front  of  the  light  source, 
or  by  the  use  of  film  more  sensitive  in  the  visible  spectrum  than  that 
used  to-day.  Any  or  all  of  these  in  combination  to  the  extent  that 
practical  studio  and  laboratory  conditions  permit. 
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Mr.  Renwick:  The  crux  of  the  matter  depends  on  the  color 
sensitiveness  of  the  film  itself.  You  may  u  e  40  filters,  but  if  the 
film  is  not  appreciably  color  sensitive  you  will  not  get  much  effect 
except  the  drawback  of  a  big  increase  of  the  exposure  necessary. 

Mr.  Brown:  It  does  ultimately  come  back  to  the  question 
of  the  film;  nevertheless,  we  may  cut  out  the  use  of  some  of  the 
invisible  light  and  still  be  able  to  photograph,  and  I  believe  with  a 
greater  ease  of  composition  on  the  part  of  the  director  and  the 
camera  man.  Improvement  is  possible  with  the  type  of  film  now 
on  the  market  although,  as  we  have  heard,  this  would  require  a 
re-education  of  the  camera  man. 

Mr.  W.  C.  Hubbard:  This  is  very  interesting  though  rather 
technical  to  some  of  us.  If  put  into  use  it  would  require  the  re- 
education of  the  man  who  manipulates  the  studio  lighting.  For 
many  years  they  have  lighted  the  subjects  with  the  end  in  view  of 
obtaining  a  pleasing  effect  on  the  screen  regardless  of  how  the  scene 
looks  at  the  time  the  picture  was  taken  and  the  millions  of  feet  of 
satisfactory  pictures  that  have  been  produced  show  how  well  this 
has  been  done.  My  connection  in  this  industry  has  been  largely  in 
the  use  of  low  intensity  illuminants,  very  low  as  compared  with  some 
of  those  we  have  to-day.  If  the  camera  man  has  failed  it  is  because 
he  has  not  been  able  to  visualize  how  the  camera  and  photographic 
material  would  reproduce  the  scene  in  which  the  quality  of  lighting 
had  to  be  judged  by  the  eye.  Since  the  introduction  of  the  high 
intensity  arc  giving  the  vast  volume  of  illumination,  which  was 
difficult  to  obtain  before  with  the  low  intensity  arcs  or  the  mercury 
arcs,  they  have  had  a  good  chance  to  concentrate  enormous  quantities 
of  light  upon  the  subjects.  In  some  cases  this  has  been  carried  to  the 
point  where  the  actor  will  fairly  cringe  under  the  enormous  bom- 
bardment of  light.  I  have  seen  one  set  in  which  32  of  these  high 
intensity  arcs  were  used  simultaneously,  some  of  which  were  used 
without  any  diffusion  and  with  a  pure  black  reflector  behind  them. 
The  results  produced  were,  in  the  estimation  of  many  who  appreciate 
good  photography,  very  abnormal.  I  should  not  like  to  characterize 
it  as  otherwise. 

We  should  not  forget  the  effect  of  this  very  high  intensity 
illumination  on  the  eyes  of  the  actors.  I  am  sure  that  more  of  us 
would  want  to  receive  a  very  high  salary  if  our  eyes  were  to  be 
subjected  to  the  fatigue  and  abuse  resulting  from  the  use  of  these 
high  intensity  units.  There  is  a  company  on  the  coast  which  has 
offered  a  prize  of  $5000  to  the  person  who  will  solve  the  question 
of  Klieg  eyes.  If  the  studios  wish  these  very  high  intensity  units, 
there  is  no  reason  why  they  can  not  be  supplied.  I  do  not  believe 
it  would  be  possible  to  construct  a  unit  weighing  only  300  lbs.  which 
would  give  the  enormous  intensity  mentioned  by  the  previous  con- 
tributors. In  my  opinion  such  a  unit  would  probably  weigh  600  to 
700  lbs. 

Mr.  Brown:  The  value  of  300  lbs.  which  I  mentioned  refers 
only  to  the  movable  part  of  the  light  unit  which  is  what  we  are 
really  interested  in  when  we  talk  about  clumsy  mass.  My  data  on 
this  unit  were  obtained  from  Mr.  Bassett  of  the  Sperry  Arc  Company, 
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who  agreed  that  by  nesting  three  Sperry  arcs  in  trefoil  fashion  and 
making  the  light  boxes  of  a  very  light  metal,  such  as  they  are  now 
using,  in  their  planes,  they  could  probably  produce  such  a  light. 
There  are  lights  of  much  less  weight — eighty  thousand  mean  spherical 
candle  power — based  on  the  principle  of  hot  tungsten.  I  do  not 
think  they  are  ready  for  the  studios  yet,  and  there  are  certainly 
very  grave  difficulties  to  be  solved  still,  but  if  the  trade  demands  a 
million  candle  power  300  pound  light  I  am  sure  they  will  get  it  very 
soon. 

Mr.  McNabb:  I  think  it  might  be  appropriate  at  this  time 
to  mention  someth'ng  of  a  more  recent  development  on  the  Coast, 
and  that  is  the  rapid  use  there  of  what  they  call  their  "front"  lighting. 
That  is,  they  are  getting  away  from  back  lighting  and  using  lights 
projected  from  the  back  of  the  actors,  which  seems  to  do  away  with 
the  effect  of  the  light  on  their  eyes  and  seems  to  be  becoming  quite 
popular;  in  fact,  we  are  getting  calls  for  suitable  appliances  for 
shading  the  lens  to  catch  the  reflection  from  the  lens.  The  light 
is  shot  into  the  lens  of  the  camera. 

Mr.  Hubbard:  In  the  East  there  were  32  or  more  high  intensity 
arcs  used  from  all  angles. 

Dr.  Mees:  I  should  like  to  point  out  as  a  matter  of  record 
that  what  Mr.  Hubbard  calls  front  lighting  is  back  lighting.  If  the 
lights  come  direct  to  the  camera  it  is  back  lighting. 

Mr.  Theiss:  I  wonder  if  Dr.  Mees  or  Mr.  Renwick  would 
tell  us  what  possible  influence  the  latitude  of  the  negative  emulsion 
has  in  connection  with  this.  It  is  possible,  I  believe,  to  take  a  scene 
with  two  quite  different  ttops  and  still  get  fairly  good  negatives. 

Dr.  Mees:  The  total  range  of  light  intensities  on  the  correctly 
rendered  portion  of  the  negative  film  exposed  in  the  violet  at  4300, 
the  line  by  which  most  pictures  are  taken,  is  about  1  to  500;  that,  is 
the  total  range  of  intensity.  If  the  intensity  range  is  1  to  50,  you 
can  vary  the  exposure  ten  times  and  get  the  same  result.  If  it  is  from 
1  to  200,  there  is  a  range  of  only  1  to  2.  The  best  latitude  I  know 
in  the  yellow-green,  the  maximum  of  the  eye,  is  90,  so  that  over  a 
range  of  1  to  50,  there  is  an  exposure  latitude  of  only  1  to  2. 

Mr.  Palmer:  I  am  trying  to  understand  Dr.  Mees  because 
I  know  he  knows  what  he  is  talking  about,  but  what  we  want  is  a 
long  range  of  values.  We  want  to  get  as  many  tones  on  the  screen 
as  we  can,  and  I  should  like  Dr.  Mees  to  explain,  if  he  will,  what 
in  his  opinion  is  the  best  way  to  do  it. 

Dr.  Mees:  That  really  is  not  the  subject  of  this  paper.  That 
is  another  story  altogether,  and  I  don't  think  I  could  deal  with  this. 
I  suppose  you  don't  understand  what  I  said  just  now,  and  I  can  only 
say  it  again,  but  I  will  say  it  with  the  blackboard  if  there  is  some 
chalk  here.  If  you  plot  the  density  given  by  a  fi'.m  against  the 
intensity  a  curve  is  obtained,  which  has  a  shape  like  this,  you  can 
only  render  correctly  the  intensities  on  the  central  part  of  the  curve. 
You  can  render  a  scene  in  which  the  brightest  part  is  500  times  as 
bright  as  the  darkest.  The  ordinary  scene  will  have  a  range  of  1  to  50. 
If  you  take  this,  you  can  put  it  ten  times  into  this  scale — you  will 
have  a  range  of  1  to  10  for  exposures.     If  the  range  of  intensities 
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were  very  much  more,  1  to  250,  then  one  could  only  make  a  mistake 
of  1  to  2  in  exposure  and  get  away  with  it.  With  the  panchromatic 
materials  the  range  is  only  1  to  90  in  the  best  case  we  know,  and 
consequently  the  range  is  only  one-sixth  as  much.  I  don't  know 
whether  it  is  clearer  now,  but  that  is  what  I  want  to  conve3T. 

Mr.  Manheimer:  Whether  it  is  a  question  of  film  emulsion 
or  of  producing  only  useful  photographic  light  in  studios  is  a  problem 
which  should  receive  a  great  deal  of  thought. 

Two  years  ago  Dr.  Storj^  began  developing  a  photometer  which 
he  called  a  "photo-electric-cell"  and  which  he  thought  could  be 
used  successfully  on  the  studio  stage  to  record  the  photographic 
value  of  the  illumination  required  in  advance  of  taking  the  picture 
so  that  the  results  on  the  film  would  be  more  definitely  pre-determined 
than  by  the  "hit  and  miss"  methods  used  at  present. 

The  work  which  Mr.  Brown  is  doing  and  the  suggestions  made 
by  Dr.  Mees  should  result  in  some  definite  development  of  proper 
lighting  for  the  modern  studio.  It  seems  most  lamentable  to  me  that 
the  progress  being  made  in  the  art  of  illumination  for  studio  sets  is 
certainly  not  as  rapid  and  consistent  as  that  being  made  in  the 
other  branches  of  the  industry. 

The  methods  of  lighting  sets  at  present  are  very  haphazard  and 
diversified  and  in  nearly  all  cases  are  supervised  by  the  camera  man 
or  director,  and  the  photographic  results  obtained  if  good,  are  a 
matter  of  good  luck  more  than  good  management.  Considerable 
money  could  be  saved  by  conserving  electric  current,  carbon  expense, 
wastage  of  film,  retaking  costs  etc.,  if  the  lighting  for  sets  could  be 
pre-determined  by  some  photometric  means  without  introducing  the 
"guess"  element  into  the  photographic  results. 

The  lighting  of  sets  is  a  problem  in  illuminating  engineering 
which  should  not  be  left  to  the  camera  men  who  know  nothing  about 
it  or  to  directors  who  know  less. 

Dr.  Gage:  If  we  go  back  to  what  seems  to  me  the  original 
question  that  this  paper  attempts  to  discuss  we  get  an  interesting 
viewpoint  on  the  matter  and  one  on  which  there  is  apparently  a 
difference  of  opinion.  The  camera  man,  or  light  director,  or  whatever 
you  want  to  call  him,  wishes  to  produce  a  certain  effect  when  the 
picture  is  projected,  which  means  that  we  must  have  an  effect  of 
light  and  shade  on  the  scene,  produced  by  radiation  to  which  the 
photographic  film  is  sensitive.  If  the  film  is  sensitive  to  blue  as  with 
the  ordinary  film  and  if  the  subject  were  illuminated  with  blue 
light  and  nothing  else  it  would  be  possible  to  take  entirely  satisf actory 
photographs  and  obtain  smj  range  of  light  and  shade  desired.  The 
drawback  would  be  that  the  photographer  or  light  director  would 
have  difficulty  in  judging  just  what  the  graduation  of  light  and  shade 
would  appear  in  the  photograph  because  his  eye  is  not  sensitive  to 
such  radiation,  but  it  might  be  a  comfortable  light  for  the  actors  to 
work  under  without  the  extreme  glare  caused  by  radiation  in  the 
middle  of  the  spectrum.  It  is  proposed  in  this  paper  that  in  order 
to  help  the  light  director  the  radiation  to  which  the  film  and  the 
eye  are  sensitive  be  made  the  same.  This,  I  think,  is  unnecessary. 
Suppose,  for  example  we  work  with  two  of  the  radiations  from  the 
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mercury  arc,  the  blue  and  the  yellow.  The  light  director  would 
adjust  the  intensity  by  the  yellow  mercury  line  whereas  the  photo- 
graphic plate  would  see  only  the  blue.  If  these  are  always  in  the 
same  ratio,  the  director  will  get  the  range  of  light  intensities  expected, 
but  if  one  mixes  light  sources,  some  predominantly  blue  and  others 
yellow,  it  will  be  impossible  to  predetermine  the  resulting  photo- 
graphic effect.  As  a  conclusion,  it  would  seem  to  me  that  if  the 
ratio  of  the  actinic  or  blue  light  to  the  visible  light  in  the  middle 
of  the  spectrum  is  constant,  every  bit  of  the  desired  mobility  of  the 
light  and  certainty  of  final  result  will  be  obtained. 

Mr.  Brown:  Pigments  or  whatever  you  choose  o  call  the 
things  causing  color  in  the  materials  used  in  the  studio,  which  are 
almost  anything  in  the  world,  have  variable  degrees  of  reflection 
for  light  of  various  wave-lengths.  That  is,  one  might  have  a  pigment 
containing  a  color  made  up  of  yellow  light  and  blue  light,  and  these 
would  be  of  variable  energy;  that  is,  the  energy  included  as  far  as 
the  camera  was  concerned  in  the  yellow  line  reflection  would  be 
different  from  that  in  the  blue  line  reflection.  If  you  judge  it  from 
the  eye  and  photograph  it,  I  submit  you  will  not  get  a  photograph 
identical  with  what  you  see. 

Dr.  Mees:  What  I  wanted  to  say  was  the  same  thing  as  Mr. 
Brown.  I  wanted  to  suggest  to  Dr.  Gage  that  you  are  photographing 
colored  things. 
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MAZDA  LAMPS  FOR  PROJECTION 

By  J.  A.  Summees 

A  MANUFACTURER  of  a  portable  motion  picture  projector 
asked  me  some  time  ago  where  he  could  get  a  steady,  solid  light 
source  of  high  brilliancy,  evenly  distributed  over  a  small  area 
and  having  a  high  candlepower  with  little  heat  and  which  is  simple 
and  easy  to  operate  and  control  on  either  alternating  or  direct  current. 
Quite  a  large  order,  you  will  agree — an  order  which  to  date,  has  not 
been  filled.  However,  such  an  ideal  light  source  is  not  absolutely 
necessary  as  there  are  several  sources  available  which  contain  enough 
of  the  above  qualifications  to  give  quite  satisfactory  results. 

The  tungsten  filament  incandescent  lamp  has  many  of  the  prop- 
erties desirable  for  use  in  the  portable  motion  picture  machine,  in 
fact,  it  was  this  lamp  which  made  the  suit-case  model  possible.  As 
the  great  majority  of  these  machines  are  used  by  schools,  churches, 
clubs,  etc.,  and  are  operated  in  most  cases  by  amateur  projectionists, 
they  must  be  designed  simple  enough  for  these  men  to  use. 

Simplicity  of  operation  and  control  may  not  be  a  matter  of  great 
concern  to  the  professional  projectionist  or  laboratory  man  accus- 
tomed to  handling  complicated  equipment,  but  it  becomes  a  matter 
of  paramount  importance  to  the  casual  operator  and  the  public  in 
general.  This  is  one  of  the  big  reasons  for  the  tremendous  growth  in 
the  use  of  incandescent  lamps,  not  only  in  projection  work  but  in  all 
classes  of  lighting.  Mazda  lamps  are  rapidly  becoming  the  standard 
equipment  on  all  portable  projectors  and  even  in  the  professional 
field,  the  invasion  is  assuming  major  proportions. 

A  lamp  is  apparently  a  simple  thing  to  make  and  few  people 
realize  the  difficulties  in  developing  the  various  types  and  sizes  of 
projection  lamps.  Years  of  research  and  experiment  were  necessary 
to  determine  the  various  combinations  in  the  diameter  and  pitch  of 
the  filament  coil,  spacing,  mounting  and  anchoring  of  filament,  kind 
and  pressure  of  gas  to  be  used,  size  and  shape  of  bulb  etc.,  all  of 
which  affect  the  ultimate  results  when  placed  in  the  projection 
machine.  This  explains,  in  a  measure,  why  it  is  difficult  at  times  to 
get  special  lamps  built  to  certain  specifications  which  will  give  good 
results. 

The  melting  point  of  tungsten  is  about  3400  degrees  C.  and  at 
this  temperature  the  intrinsic  brilliancy  is  about  6,000  candles  per 
square  centimeter.  Unfortunately,  incandescent  lamps  cannot  be 
run  at  the  melting  point.  The  highest  temperature  at  which  pro- 
jection lamps  have  been  run  commercially  is  about  3017  degrees  C, 
which  is  the  filament  temperature  of  the  900  watt  motion  picture 
lamp. 
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The  temperature  of  a  particular  lamp  is  controlled  by  the  voltage 
applied  to  it,  and  this  in  turn  controls  the  candlepower  and  the  life  of 
a  lamp.  The  candlepower  as  well  as  the  life  of  a  lamp  is  very  sensitive 
to  voltage  variation.    Raising  the  voltage  10%  will  raise  the  candle- 
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power  39%,  but  decrease  the  life  75%.  It  is,  therefore,  quite  evident 
that  the  lamps  should  be  operated  at  the  voltage  for  which  they  are 
designed  and  rated.  The  curve,  Figure  1,  shows  the  per  cent  varia- 
tion in  candle-power,  amperes,  watts  and  efficiency  with  the  variation 
in  volts. 

It  is  not  only  necessary  to  burn  the  lamp  at  the  proper  voltage  to 
get  satisfactory  projection  results,  but  the  filament  must  be  properly 
designed  to  fit  the  optical  system  used,  or  conversely,  since  there  are 
certain  definite  limitations  in  lamp  design,  the  proper  lens  system 
should  be  selected  to  fit  the  lamp  which  is  to  be  used. 

One  lamp  will  not  fit  all  optical  systems,  neither  will  one  optical 
system  fit  all  lamps.  Figure  2  illustrates  the  types  of  filament 
construction  in  use  for  projection  work.  The  symbols  are  the  manu- 
facturer's designation  of  the  filament  construction.    The  C-8  type  of 
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construction  is  a  single  coil  and  is  used  in  the  6  volt  class;  C-2  has 
two  coils  and  is  used  in  the  12  and  14  volt  class;  C-13  and  C-5  having 
four  or  more  coils  in  the  higher  voltages.  The  C-13  construction  with 
the  filament  coils  all  in  one  plane,  and  the  C-5  construction  with  the 
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C-8  C-2  C-13  C-5 

Fig.  2.  Types  of  filament  construction 

filament  coils  around  the  periphery  of  a  cylinder  are  the  most  common 
types.  The  former  is  used  when  the  plane  of  the  filament  can  be 
placed  parallel  to  the  plane  of  the  condenser  and  the  latter  is  used 
when  there  is  no  socket  adjustment  permitting  the  proper  placing  of 
a  monoplane  filament.  The  C-13  construct  on  gives  the  better  results 
when  properly  placed,  particularly  when  used  with  a  properly 
adjusted  spherical  mirror. 

A  spherical  mirror  should  always  be  used  to  throw  images  of  the 
filament  between  the  coils  so  as  to  even  up  the  dark  spaces  and  get 
50%  to  70%  more  light  as  well  as  a  more  even  screen. 

The  following  table  shows  the  various  types  and  sizes  of  lamps 
available  with  their  dimensions. 

APPROXIMATE  DIMENSIONS 
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You  will  note  in  the  table  that  the  area  of  the  light  source  varies 
materially,  the  reason  for  which  is  explained  later.  You  will  also 
notice  that  the  great  demand  is  confined  to  a  few  sizes  of  lamps  which 
experience  has  indicated  fill  the  great  majority  of  requirements.  The 
lamps  marked  special  have  been  made  to  fill  particular  needs,  but 
the  demand  is  not  great. 

The  diameter  of  a  bulb  is  expressed  in  eighths  of  an  inch  and  is 
always  used  in  conjunction  with  the  letter  designating  the  type  of 
bulb,  such  as  the  T-20;  the  "T"  indicating  that  the  bulb  is  a  tubular 
bulb  and  "20"  indicating  that  the  bulb  is  20/8  or  2J/£  inches  in 
diameter;  or  the  G-25  bulb,  the  "G"  indicating  a  round  (globular) 
bulb  and  the  "25"  indicating  that  the  bulb  is  25/8  of  an  inch  in 
diameter. 

Light  center  length  is  the  distance  from  the  center  of  the  filament 
to  the  end  contact  point  of  the  screw  base.  Overall  length  is  the 
length  of  a  lamp  from  the  end  contact  point  of  the  screw  base  to  the 
end  of  the  tip. 

Mazda  C  lamps  are  those  lamps  having  the  bulb  filled  with 
inert  gas,  and  are  so  designated  in  order  to  distinguish  them  from  the 
lamps  having  a  vacuum  which  are  known  as  Mazda  B  lamps. 

The  projected  area  of  the  light  source  as  well  as  its  construction 
depends  to  a  large  extent  on  the  voltage  and  the  amperes.  The 
amperes  flowing  through  a  filament  and  the  temperature  at  which  it 
is  to  operate  are  dependent  upon  its  diameter.  A  tungsten  filament 
of  large  diameter  can  be  operated  at  a  higher  temperature  than  one  of 
smaller  diameter,  as  a  greater  amount  of  filament  material  can  evap- 
orate without  reducing  its  diameter  to  as  great  an  extent,  and,  as 
previously  stated,  a  filament  can  be  operated  under  gas  pressure  at 
a  higher  temperature  than  in  a  vacuum. 

A  lamp  to  consume  a  given  wattage  at  a  given  voltage  must,  of 
course,  have  a  filament  of  definite  resistance.  The  resistance  of 
tungsten  depends  upon  its  temperature,  the  higher  the  temperature 
the  greater  its  resistance.  Anchors  and  leading-in  wires  conduct 
heat  away,  cooling,  and  therefore  reducing  the  resistance  of  the 
filament  at  these  points.  If  gas  is  used  in  the  lamp,  which  is  always 
the  case  in  projection  lamps,  it  also  takes  heat  from  the  filament, 
tending  to  reduce  its  resistance,  which  is  compensated  for  by  increas- 
ing the  current  density,  that  is,  using  a  smaller  diameter  filament. 
It  will  be  seen,  therefore,  that  there  are  many  factors  which  determine 
the  diameter  and  length  of  a  filament  in  each  lamp. 

The  projected  area  of  the  light  source  involves  the  relative 
advantage  of  high  or  low  voltage.  For  example,  the  30  volt  30 
ampere  motion  picture  lamp  uses  a  filament  about  12)4  inches  long, 
while  a  115  volt  1000  watt  stereopticon  lamp,  giving  less  total  light, 
requires  a  filament  about  36)4  inches  long.  It  is  self  evident  that 
more  space  would  be  required  for  the  longer  filament  than  the  shorter. 
Because  of  the  lower  voltage  between  coils,  it  is  also  possible  to  mount 
the  coils  closer  together  in  the  low  voltage  lamps,  and  thus  secure 
more  actual  filament  in  the  focal  area  of  the  lens. 

When  a  lens  system  is  tested  it  is  found  that  a  light  source  of 
certain  dimensions  will  give  the  maximum  results.     For  laboratory 
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work  or  professional  use,  a  light  source  of  the  proper  dimensions 
would  doubtless  be  chosen  even  tho  a  low  voltage,  high  ampere  lamp 
were  necessary  to  get  it.  For  portable  projectors,  this  is  not  always 
desirable  because  the  public  in  general  does  not  have  the  training  or 
the  patience  to  properly  focus  such  a  lamp.  It  has  been  found  that 
in  actual  practice  it  is  often  more  desirable  to  compromise  and  fur- 
nish the  operator  with  a  light  source  which  has  greater  dimensions, 
permitting  greater  latitude  in  focusing  and  permitting  him  to  plug 
into  any  socket  and  not  bother  with  the  extra  control  equipment 
which  is  necessary  on  low  voltage  lamps.  In  general,  it  may  be 
stated  that  it  is  not  possible  to  get  as  good  screen  illumination  with 
115  volt  lamps  as  with  25  volt  or  30  volt  lamps,  particularly  with  the 
larger  sizes,  but  in  portable  machines  sufficiently  good  results  may  be 
secured,  and  many  manufacturers  are  taking  advantage  of  this  fact 
in  order  to  secure  the  resulting  simplicity. 

The  life  of  a  lamp  can  be  made  anything  wanted,  as  the  filament 
can  be  designed  to  operate  at  any  temperature  desired.  A  long-lived 
lamp  must  operate  at  a  low  temperature  and  is  therefore  very  ineffi- 
cient; that  is,  in  order  to  produce  a  given  candlepower,  it  will  con- 
sume more  watts  than  one  designed  for  a  shorter  life.  The  cost  of 
light  is  the  cost  of  the  electrical  energy  consumed  (kilowatt  hours) 
plus  the  cost  of  lamp  renewals.  A  long-lived  lamp  reduces  the  latter 
but  increases  the  former,  so  that  the  most  economical  life  of  a  lamp 
is  where  the  sum  of  the  two  is  a  minimum. 

In  projection  work,  the  brilliancy  of  the  filament  is  also  a  factor 
to  be  considered.  In  this  case,  it  is  necessary  to  have  a  high  brilliancy, 
which  means  a  high  filament  temperature  and  a  short  life.  For  this 
reason  projection  lamps  are  usually  rated  at  100  hours  life. 

Lamps,  like  human  beings,  vary  in  life.  The  average  life  of  a 
large  number  of  human  beings  is  well  known  and  similarly  a  large 
number  of  lamps  will  very  closely  average  the  life  for  which  they  are 
designed.  Given  a  hundred  lamps,  a  few  will  fail  very  soon,  some 
will  last  somewhat  longer,  some  will  give  about  their  rated  life,  and 
the  remainder  will  give  lives  considerably  longer  than  rated,  but  the 
average  of  the  hundred  lamps  will  be  close  to  the  rated  life. 

In  order  to  accommodate  the  short  focus  lenses  which  have 
become  so  popular,  it  was  found  necessary  to  change  the  shape  of 
bulbs  from  a  round  (G)  bulb,  which  had  been  standard  practice  to  a 
tubular  (T)  bulb,  so  that  the  filament  might  be  brought  close  enough 
to  the  lens.  This  type  of  bulb  can  only  be  used,  however,  when  the 
lamp  is  burned  approximately  vertical  tip  up.  When  burned  in  any 
other  position,  it  is  necessary  to  use  the  round  bulb  with  a  longer  focus 
lens. 

There  are  still  many  problems  to  be  solved  in  projection  lamps 
and  continual  research  is  being  carried  on  to  solve  them.  One  of 
these  problems  is  the  development  of  a  solid  light  source  and  con- 
siderable work  has  been  done  along  this  line,  using  a  ribbon  of  tung- 
sten instead  of  wire.  It  is,  however,  too  early  to  predict  what  the 
outcome  of  the  investigation  will  be  as  it  is  still  in  the  laboratory 
stage. 
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DISCUSSION 

Mr.  McNabb:  With  all  due  respect  to  Mr.  Summers'  splendid 
paper,  it  must  be  admitted  that  the  lamp  manufacturers  are  con- 
structing some  beautiful  and  efficient  lamps.  However,  one  thing 
seems  to  have  been  forgotten  in  their  development ;  that  is  a  resister 
necessary  to  absorb  the  line  current  for  low  voltage  lamps.  For  in- 
stance, a  30  volt  5.5  ampere  lamp  must  have  an  auxiliary  appliance 
for  dissipating  about  400  watts.  The  manufacturer  of  projectors 
must  supply  a  rheostat  or  transformer,  and  they  are  cumbersome 
things  to  provide  for  on  relatively  light  apparatus.  It  would  seem 
that  the  lamp  companies  should  design  an  auxiliary  less  burdensome 
than  obtains  on  the  market  to-day.  The  development  would  be 
welcomed  by  the  manufacturer  of  machines  such  as  the  portable 
projector.  I  think  with  a  30  watt  lamp  the  weight  of  the  necessary 
rheostat  is  about  five  pounds.  I  might  say  that  our  engineering 
department  spent  considerable  time  in  experimenting  with  this 
feature  and  succeeded  in  the  development  of  a  rheostat  weighing 
slightly  less  than  three  ounces. 

Mr.  Cook:  I  should  like  to  hear  more  about  it. 

Mr.  McNabb  :  I  should  be  glad  to  show  it  at  the  next  convention. 

Mr.  Summers:  As  I  stated  in  my  paper,  the  relative  value  of  line 
voltage  and  low  voltage  lamps  in  portable  projectors  is  debatable. 
You  can,  without  question,  get  higher  screen  illumination  with  low 
volt  lamps  of  the  proper  type  than  with  115  volt  lamps  of  the  same 
wattage,  but  in  a  great  many  cases,  sufficient  light  may  be  obtained 
with  115  volt  lamps,  and  then  no  control  equipment  is  necessary. 
The  higher  voltage  lamp  also  has  a  greater  filament  area,  and  there- 
fore is  somewhat  easier  to  focus.  Maximum  screen  illumination  or 
maximum  convenience  must  be  determined  by  the  needs  of  particular 
conditions. 

Mr.  Manheimer:  I  should  like  to  ask  Mr.  Summers  what  pro- 
vision his  company  makes  for  special  spot  lights.  We  have  had 
difficulty  with  the  glass  melting  and  blistering  as  Mr.  Summers  has 
pointed  out.  How  is  this  taken  care  of  in  projectors  used  in  display 
windows? 

Mr.  Summers:  Whenever  a  lamp  is  used  in  other  than  tip-up 
position,  the  spherical  bulb  lamp  must  be  used.  There  is  a  certain 
amount  of  wattage  to  dissipate,  and  there  must  be  sufficient  ventila- 
tion in  the  housing  to  take  care  of  this.  Glass  has  a  definite  melting- 
point,  and  as  soon  as  sufficient  heat  is  obtained  from  any  source,  the 
glass  is  bound  to  melt. 

Mr.  Manheimer:  The  lamp  we  have  been  using  is  a  spherical 
lamp  and  the  lamp  housing  was  furnished  by  Kliegle  Bros.,  and  is 
properly  ventilated. 
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Mr.  Summers:  If  the  glass  merely  blisters,  there  is  no  deleterious 
effect  on  the  lamp. 

Mr.  Manheimer:  I  will  send  the  lamps  back  to  you  for  your 
inspection. 

Mr.  Richardson:  Mr.  Summers'  statement  that  the  blistering 
has  no  effect  is,  I  think,  altogether  correct,  but  what  happens  is  a 
sagging  of  the  filament,  where  the  lamp  is  tilted  to  an  extent  which 
blisters  the  glass.  The  filament  will  sag  so  that  good  results  cannot  be 
secured  using  it  in  conjunction  with  a  lens  system,  but  the  blister  in 
itself  will  not  affect  anything. 

Mr.  Summers:  Is  not  that  the  case  of  too  steep  an  angle  of  pro- 
jection which  you  have  so  often  condemned? 

Mr.  Richardson:  Well,  that's  about  what  it  is. 

Mr.  Summers:  If  they  will  turn  the  lamp  each  day,  it  will  help 
matters  materially. 

Mr.  Richardson:  I  have  advised  that  in  many  cases. 

Mr.  Davidson:  I  agree  with  Mr.  McNabb.  The  lamp  makers 
should  have  a  man  visit  a  few  of  the  ultimate  consumers  of  lamps. 
Using  a  line  voltage  lamp  from  90  to  120,  the  fixed  line  voltage  lamp 
of  say  110  volts  in  my  experience  is  very  unsatisfactory.  We  are  in 
the  vicinity  of  Buffalo  and  the  line  voltages  vary  considerably. 

Mr.  Summers:  The  variation  in  life  is  the  same  for  all  types  of 
tungsten  filament  lamps.  The  initial  rated  life  varies  from  25  hours 
for  some  lamps  to  1000  hours  for  others.  It  is  readily  seen  that  a 
shortening  of  life  will  be  more  noticeable  in  short  life  than  in  long 
life  lamps. 

Mr.  Richardson:  There  is  another  point  I  have  thought  of  suffi- 
cient importance  to  take  up  with  the  lamp  manufacturers.  I  have 
long  believed  we  were  very  foolish  not  to  force  an  air  blast  through 
the  lamp  house  to  keep  the  whole  thing  cool,  and  I  do  not  think  there 
is  any  reason  why  it  cannot  be  done,  especially  through  the  condenser 
when  an  arc  lamp  is  used.  I  believe  I  can  put  a  75  ampere  lamp 
within  2  inches  of  a  lens  without  causing  excessive  condenser  break- 
age. I  think  some  experimental  research  should  be  done  along  this 
line. 
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THE  PHONOFILM 

By  Dr.  Lee  DeForest 

CONTRARY  to  the  popular  idea,  the  history  of  attempts  to 
record  sound  vibration  photographically  is  not  new.     It  dates 

back  almost  as  far  as  the  birth  of  the  telephone  itself.  In  1879, 
Prof.  Alexander  Graham  Bell  and  his  associate,  Tainter,  succeeded  in 
telephoning  a  short  distance  over  a  beam  of  light,  using  as  a  trans- 
mitter a  very  small  mirror  attached  to  a  diaphragm.  Less  than  a  year 
after  these  experiments  were  published  a  man  by  the  name  of  Fritts 
filed  a  patent  application  disclosing  exactly  the  transmitting  methods 
employed  by  Bell  and  Tainter,  and  in  addition  a  moving  photo- 
graphic plate  upon  which  the  vibrating  beam  of  light  was  to  be 
photographed  through  a  narrow  slit  transverse  to  the  motion  of  the 
photographic  surface.  Fritts  did  nothing  in  the  way  of  working  out  a 
practical  method.  The  Fritts  patent  application  was  two  generations 
ahead  of  the  art  and  remained  merely  a  "paper"  patent. 

The  first  successful  attempts  to  photograph  sound  were  those  of 
the  German,  Ernst  Ruhmer.  As  transmitter  Ruhmer  employed  the 
speaking  arc,  shortly  before  invented  by  another  German,  Simon. 
Strong  telephonic  currents  from  a  powerful  microphone  were  superim- 
posed on  the  direct  current  across  the  arc,  producing  sufficient 
fluctuations  in  the  arc  light  to  permit  a  crude  photographic  record 
upon  a  cinematograph  film  which  was  driven  at  a  very  high  speed, 
several  meters  per  second.  Ruhme.*'s  work  was  carried  on  in  1606 
and  '07. 

Following  this  a  number  of  other  experimenters  entered  the 
field,  mostly  of  very  recent  years,  chief  among  whom  are  to  be 
mentioned  Professor  Rankine,  of  England,  Berglund  of  Sweden, 
Vogt  of  Germany,  and  in  our  own  country,  C.  A.  Hoxie  of  Schenec- 
tady, who  by  going  back  directly  to  the  methods  originally  shown 
by  Fritts,  nearly  forty  years  before,  has  recently  succeeded  in  photo- 
graphing very  clearly  the  sound  waves  impinging  on  a  diaphragm  to 
the  center  of  which  is  attached  an  extremely  small  mirror.  To  this 
device  has  been  applied  the  interesting  name  "Pallophotophone" — 
a  new  addition  to  the  lengthening  list  of  Greco-Schenectady  words. 
In  this  respect  Mr.  Hoxie's  work  is  somewhat  similar  to  that  of 
Matthews  and  Rankine  in  England,  although  the  latter  employs,  in 
addition  to  the  vibrating  mirror,  two  fixed  grids  or  shutters  which 
make  of  his  light  beam  a  comb  or  lattice.  More  or  less  of  the  light 
coming  through  the  spaces  of  the  first  comb  is  thus  permitted  to 
pass  through  those  of  the  second  grid,  and  thus,  after  having  been 
condensed  by  a  lens,  to  fall  through  a  narrow  slit  upon  the  moving- 
phot  ographic  film. 
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In  most  of  the  methods  above  described  the  sound  record 
occupies  so  much  space  on  the  film  that  it  is  impractical  to  photograph 
pictures  of  the  speaking  object  upon  the  same,  standard  width  film. 
In  fact  most  of  those  who  have  attempted  to  photograph  the  voice 
and  the  object  simultaneously  have  used  separate  films  for  the  two 
records. 

It  hardly  seems  necessary  for  me  to  mention  at  this  time  the 
more  or  less  successful  attempts  which  have  been  made,  chiefly  in 
this  country  by  Edison,  Webb,  and  Kellum  to  achieve  talking  motion 
pictures  by  means  of  synchronizing  the  phonograph  with  the  moving 
picture  camera  and  projector.  The  fundamental  difficulties  involved 
in  this  method  were  so  basic  that  it  should  have  been  evident  from 
their  inception  that  commercial  success  could  hardly  be  achieved  in 
that  direction.  Subsequent  developments  have  certainly  justified  the 
correctness  of  that  opinion. 

My  attention  was  focused  on  the  field  of  talking  motion  pictures, 
wholly  by  photographic  recording  in  1918.  Perhaps  the  one  con- 
sideration which,  more  than  any  other,  prompted  me  to  enter  this 
field  was  my  desire  to  personally  develop  a  new  and  useful  application 
of  the  audion  amplifier.  One  which  I  could  expect  to  develop  largely 
by  my  own  efforts,  as  distinguished  from  its  application  to  long 
distance  telephony,  where  obviously  the  intensive  efforts  of  large 
corps  of  engineers,  backed  by  a  gigantic  business  organization,  were 
indispensable.  Another  motive  was  my  desire  to  possess  a  phono- 
graphic device  which  would  be  free  of  many  of  the  inherent  short- 
comings of  the  disc  machine,  notably  the  short  length  of  record,  the 
necessity  for  frequent  changing  of  needles,  and  the  belief  that  by 
means  of  a  pencil  of  light  instead  of  a  steel  needle  it  might  be  possible 
to  completely  escape  from  the  surface  scratch  which  has  always 
been  inseparable  from  the  existing  types  of  phonograph. 

But  at  the  beginning  of  my  work  I  laid  down  several  principles, 
based  wholly  on  commercial  considerations,  limitations  which  I 
considered  the  talking  motion  picture  must,  in  order  to  be  commer- 
cially successful,  fall  within.    These  considerations  were — 

First,  nothing  but  a  single  standard  cinematograph  film  could 
be  employed. 

Second,  the  speed  must  be  that  of  the  standard  motion  picture 
film. 

Third,  the  recording  and  reproducing  devices  must  be  absolutely 
inertialess,  excepting  possibly  the  diaphragm  for  receiving  and  the 
diaphragm  for  reproducing  the  sound. 

Fourth,  the  receiving  device  must  be  sufficiently  sensitive  to 
permit  its  being  successfully  concealed  at  a  reasonable  distance  from 
the  speaker  or  source  of  music  to  be  photographed. 

Fifth,  the  reproduction  must  be  as  good,  or  better,  than  the 
existing  phonograph,  and  loud  enough  to  fill  any  theatre  where  the 
talking  pictures  should  be  exhibited. 

Sixth,  the  photographic  sound  record  must  be  so  narrow  as  not 
to  materially  cut  down  the  size  of  the  normal  picture  projected  on  the 
screen. 

Seventh,   the  photographic  record,  therefore,  must  be  one  in 

62 


which  the  width  or  amplitude  on  the  film  was  constant  throughout, 
and  the  sound  variations  must  therefore  be  photographed  as  varia- 
tions in  density  in  the  photographic  image.  In  other  words,  the  light 
record  should  be  in  the  form  of  exceedingly  fine  lines  or  parallel  bands 
of  varying  densities  all  of  the  same  length,  and  lying  always  trans- 
verse to  the  direction  of  the  motion  of  the  film. 

To  photograph  the  highest  harmonics  of  any  music  which  it 
might  be  desired  to  record  upon  a  film  travelling  at  normal  speed, 
i.e.,  12  to  16  inches  per  second,  necessitated  a  slit  not  more  than  two 
thousandths  of  an  inch  in  width.  And  in  order  not  to  appreciably  cut 
into  the  size  of  the  picture  the  length  of  this  slit  must  not  exceed  at 
most  three  thirty-seconds  of  an  inch.  This  in  turn  necessitated  the 
employment  of  an  intense  light  source,  small  enough  to  go  inside  the 
moving  picture  camera,  and  yet  one  whose  intensity  could  instantly 
and  proportionately  be  varied  by  the  slightest  and  fastest  sound 
vibrations  which  it  might  be  desired  to  record.  Some  of  the  above 
conditions,  it  will  now  be  admitted,  were  by  no  means  easy  of  reali- 
zation. 

Early  in  the  spring  of  1919  I  filed  patent  applications  on  the 
methods  which  I  believed  would  accomplish  the  above  laid-down 
conditions,  and  began  actual  research  on  the  various  means  which 
might  be  successfully  employed.  At  that  time  I  figured  that  the 
work  involved  should  require  about  two  years — a  period  one  half  as 
long  as  that  which  has  actually  been  demanded  to  accomplish  what 
you  are  actually  witnessing  this  evening.  The  work  has  been  almost 
uninterrupted,  and  of  the  most  exacting  and  discouraging  nature. 
Literally  hundreds  of  experiments  have  been  made,  and  many 
thousands  of  feet  of  films  have  been  photographed,  only  to  be  thrown 
away. 

I  well  remember  the  grim  satisfaction  I  felt  when,  for  the  first 
time  in  reproducing  a  photographic  record  of  my  voice,  I  was  able 
clearly  to  determine  whether  or  not  it  was  being  run  backwards ! 

At  the  start  I  undertook  to  photograph  the  light  fluctuations 
from  three  different  sources.  First,  that  of  the  speaking  flame; 
second,  that  from  a  tiny  incandescent  lamp  filament.  To  determine 
whether  or  not  the  radiation  from  thes  3  sources  were  faithfully  follow- 
ing the  voice  I  first  exposed  the  photo-electric  cell  to  their  light  and 
listened  to  the  reproduction  after  it  had  been  many  times  amplified 
by  the  audion  in  a  telephone  receiver.  I  found  that  both  these 
sources  were  capable  of  reproducing  voice  and  music  with  astonishing 
fidelity.  This  was  after  many  refinements  in  learning  how  best  to 
apply  the  voice  to  fluctuate  the  flame,  and  to  secure  sufficiently  rapid 
cooling  of  the  extremely  short  incandescent  filament  to  permit  the 
light  from  the  latter  to  follow  the  voice  frequencies  up  to  three  thou- 
sand per  second.  But  to  my  disappointment  I  then  found  that  to 
photograph  these  light  variations  which  were  producing  such  perfect 
reproduction  in  the  photo-electric  cells  was  an  entirely  different  prop- 
osition. A  photo-electric  cell  is  far  more  sensitive  than  the  most 
rapid  photographic  emulsion,  requiring  for  translation  far  less  per- 
centage of  the  variation  of  the  normal  light  of  the  source  to  produce 
a  sufficient  change  in  the  electric  conductivity  of  the  cell,  than  is 
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necessary  to  produce  for  recording  corresponding  changes  in  density 
in  the  photographic  image. 

The  other  of  the  three  methods  which  I  originally  set  out  to 
develop,  although  far  less  simple  and  more  difficult  of  attainment 
proved  in  the  end  the  practical  method  for  producing  by  electrical 
means  light  fluctuations  of  sufficient  amplitude  to  be  photographed 
in  every  necessary  degree  of  intensity. 

The  light  that  I  employed  for  this  purpose  was  that  of  a  gas-filled 
tube  excited  by  high  frequency  current.  It  was  not  difficult  to 
construct  a  gas-filled  tube  giving  such  a  light  when  excited  by  a  high 
frequency  current  from  a  small  radio  telephone  transmitter.  But  it 
was  no  easy  task  to  design  such  a  tube  which  could,  when  connected 
to  a  small  5  or  10  watt  high-frequency  apparatus,  generate  a  sufficient 
light  to  photograph  all  necessary  variations  of  intensity  upon  a 
narrow  strip  of  standard  emulsion  film,  moving  at  the  rate  of  12  to 
16  inches  per  second  in  front  of  a  slit,  one  and  one  half,  or  two  thou- 
sandths, of  an  inch  wide. 

Having  now  briefly  outlined  the  general  principles  employed  in 
develop  ng  the  Phonofilm,  a  clearer  understanding  will  be  obtained  if  I 
outline  briefly  step  by  step  the  various  instrumentalities  employed  from 


Fig.  1.  The  Recording  Process 
Chart  showing  the  method  of  photographing  a  moving  picture  and  sound 
waves  (music  or  voice)  on  the  same  strip  of  film.  The  sound  waves  are  recorded 
by  fine  lines  on  a  narrow  path  along  one  side  of  the  regular  motion  picture  film. 
Sound  waves  are  picked  up  by  telephone  transmitters,  then  amplified  to  radio  fre- 
quency, thereby  controlling  the  amount  of  light  in  the  photion  lamp,  from 
which  the  photographic  record  is  made  of  the  original  sound  vibrations. 
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the  original  source  of  sound  to  its  reproduction  alongside  of  the 
picture  upon  the  silver  screen.  The  photographic  charts  illustrate 
quite  clearly  the  various  steps  involved.  First,  Fig.;  1  is  the  voice 
transmitter,  designed  to  transform  into  electric  currents  the  lightest 
and  the  strongest  sound  waves  which  may  be  spoken,  or  played  within 
five  to  twenty  feet  from  the  device.  Telephonic  currents  thus 
generated  are  naturally  exceedingly  weak,  and  must  be  amplified 
through  a  series  of  audions  to  the  order  of  several  hundred 
thousand  times  their  original  magnitude  in  order  to  effectively 
modulate  the  high  frequency  currents  which  are  being  generated'  in 
the  small  oscillator  shojvn  oti  the  right.  This  oscillator  is  a  form  of 
the  radio  telephone  with  which  you  are  all  more  or  less  familiar. 
Connected  to  this  high  frequency  output  circuit' is- a;  gas  filled  tubs 
which  I  have  called  the  "Photion."  This  tube  glows  at  all  times  with 
a  violet  light  which  is  highly  actinic  in  quality.  The  intensity  of  this 
light  increases  and  decreases  around  its  normal  brilliance  in-exact 
correspondence  with  the?  modulated  high  frequency  energy  of  the 
oscillator.  The  light  from  the  end  of  this  tube  is  focused  by  means 
of  a  lens  upon  the  very  fine  slit  directly  upon  the  emulsion  side  of  the 
film.  This  Photion  lamp  is  placed  inside  the  moving  picture  camera 
at  a  point  where  the  film  is  moving  continuously  some  ten  inches 
away  from  the  window  of  the  camera,  at  which  point  the  motion  of 
the  film  is,  as  you  all  know,  intermittent  for  the  purpose  of  photo- 
graphing the  picture.  The  combined  picture  and  sound  record  thus 
made  are,  of  course,  in  absolute  fixed  relation  to  each  other  and  there 
is  consequently  no  problem  of  synchronization  to  be  solved.  It  is 
only  necessary  that  in  the  projecting  apparatus  in  a  moving  picture 
theatre  the  sound  reproducing  device  shall  be  the  same  distance  from 
the  picture  aperture,  measured  in  inches  along  the  film,  as  was  the 
case  in  the  moving  picture  camera  where  the  voice  and  the  picture 
were  originally  photographed. 

The  next  chart,  Fig.  2,  shows  in  the  same  manner  the  arrange- 
ment used  in  the  projector.  Between  the  upper  film  magazine  and 
the  intermittent,  step-by-step,  mechanism  of  the  standard  moving 
picture  projector  machine  are  located  in  two  small  co-axial  metal 
tubes,  the  sound  projector  lamp  and  the  photo-electric  cell.  The  light 
from  this  small  lamp  is  focused  through  a  fine  slit  having  the  same 
dimensions  as  that  in  the  camera,  upon  the  photo-electric  cell,  which 
is  a  few  inches  in  front  of  the  slit.  Across  the  slit  and  in  close  contact 
therewith  passes  the  film  on  which  the  original  photographic  image  of 
the  sound  has  been  photographed  and  printed.  The  fine  lines  of 
light  and  dark,  which  represent  the  sound  record,  passing  across  this 
tiny  slit  produce  corresponding  variations  in  the  light  beam  which 
transverses  the  slit  and  falls  upon  the  photo-electric  cell.  Now  in 
series  with  this  photo-electric  cell  are  connected  a  dry  battery  and  the 
grid  and  filament  of  the  first  audion  of  a  specially  designed  five-step 
audio-frequency  amplifier.  This  amplifier,  which  has  been  designed 
with  the  utmost  care  to  avoid  any  form  of  distortion,  magnifies  the 
minute  telephonic  currents  thus  generated  in  the  photo-electric  cell, 
by  the  order  of  a  hundred  thousand  times.  The  output  circuit  of 
this  amplifier  is  then  connected  by  means  of  electric  wires  to  the  loud 
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Fig.  2.     The  Reproducing  Process 

Chart  illustrating  the  method  of  reproducing  the  moving  picture  and  sound 
waves  (music  or  voice)  registered  on  the  same  moving  picture  film.  Two  dif- 
ferent parts  of  the  same  film  aroused  simultaneously  in  the  reproducing  process 
of  the  Phono-film  projector,  which  is  an  ordinary  moving  picture  projector  with  a 
special  attachment  for  the  sound  record.  The  keynote  of  the  reproducing  process 
is  the  use  of  a  photo-electric  cell.  The  fine  photographic  markings  on  the  edge 
of  the  moving  picture  film  where  the  sound  record  is  recorded  control  the  amount 
of  light  thrown  upon  the  photo-electric  cell  which  thus  translates  fight  waves 
back  "into  electric  vibrations,  afterward  amplified  by  means  of  audion  lamps  and 
loud  speakers. 

speakers  which  are  concealed  behind,  or  directly  around  the  screen, 
on  whici  at  the  same  time  the  original  picture  is  being  projected. 

Note  now  the  all-important  part  which  the  audion  plays  in  the 
talking  motion  picture,  or  as  I  prefer  to  call  it  the  Phonofilm.  First, 
we  have  an  amplification  of  the  order  of  five  thousand  to  one  hundred 
thousand  times  of  the  original  te  ephonic  currents,  then  an  oscillating 
audion  generating  the  high-frequency  energy  for  lighting  the  Photion 
tube,  and  another  audion,  acting  as  modulator  to  control  the  high 
frequency  output  of  this  oscillator.  Then  at  the  reproducer  we  have 
again  a  multi-stage  audion  amplifier,  tlur  giving  in  all  an  amplifica- 
tion, from  the  original  transmitter  near  the  camera  to  the  final  loud 
speaker  at  the  projection  screen,  of  the  order  of  several  million  times. 
I  do  not  mean  by  this  to  state  that  the  reproduced  voice  you  are 
hearing  is  several  million  times  as  loud  as  the  voice  that  made  the 
record !  There  is  between  the  photographing  of  the  voice  on  the  film 
and  its  reproduction  in  the  photo-electric  cell,  a  very  great  diminution 
in  intensity,  which  diminution  must  be  made  good,  and  in  addition 
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amplified  thousands  of  times  in  order  to  permit  the  loud  sound  which 
is  required  to  fill  the  auditorium. 

I  have  employed  two  types  of  photo-electric  cells  with  my  repro- 
ducer. The  so-called  Kuntze,  potassium-mirror,  photo-electric  cell, 
and  the  less  known  but  more  sensitive  and  reliable  "Thallafide" 
cell  of  Theodore  W.  Case.  This  latter  cell  has  been  perfected  after 
many  months  of  most  painstaking,  scientific  research  by  Mr.  Case, 
until  it  is  unquestionably  the  complete  answer  to  the  problem  of  how 
to  obtain  electri  al  from  light  variations,  at  least  where  one  has  a 
choice  of  light  wave-lengths  in  which  to  work.  The  Thallafide  cell 
is  most  sensitive  to  the  infra-red  and  red  radiations.  It  was  used  to 
excellent  purpose  in  the  Case  system  of  secret  signalling  during  the 
latter  part  of  the  great  war.  (The  lack  of  sensitiveness  and  well 
known  lag  in  response,  or  fatigue,  of  selenium,  is  such  that  no  well- 
informed  designer  of  photo-electric  apparatus  for  rapid  signalling 
would  to-day  consider  the  employment  of  selenium.) 

I  wish  here  to  acknowledge  my  indebtedness  to  Mr.  T.  W.  Case, 
not  only  for  his  contribution  of  the  beautifully  suitable  Thallafide 
cell,  but  for  many  very  valuable  suggestions,  as  well  as  practical 
laboratory  assistance,  in  the  latter  course  of  my  experimental  work. 

It  has  for  a  long  time  been  realized  by  telephone  and  acoustic 
engineers  that  the  necessity  for  a  diaphragm  at  the  transmitter 
introduces  at  the  very  outset  of  the  sound  translation  problem  a 
source  of  distortion  and  imperfection.  It  is  the  diaphragm  more 
than  any  other  element  which  introduces  the  deformities  in  recording 
and  in  reproducing  voice  and  music  on  the  phonograph  as  well  as  in 
telephone  transmission.  Therefore  for  many  years  efforts  of  tele- 
phone and  phonograph  engineers  have  been  devoted  to  reducing  as 
far  as  possible  distortions  thus  introduced  by  the  natural  period  of 
vibration  of  the  diaphragm,  or  membrane,  against  which  the  sound 
waves  impinge.  But  these  engineers  it  would  appear  have  not  looked 
elsewhere  in  the  realm  of  physics  with  sufficient  scrutiny.  Otherwise 
we  should  long  ago  have  been  free  of  the  necessity  for  using  any 
diaphragm  whatsoever  at  the  transmitter  element  of  apparatus,  the 
object  of  which  is  to  translate  sound  into  electric  currents  with  the 
minimum  possible  distortion,  regardless  of  the  expense  or  the  elabo- 
rateness of  the  apparatus  thereby  involved.  (I  do  not  here  refer  to 
the  ordinary  microphone  transmitter,  millions  of  which  are  in  use 
thruout  the  world,  and  which  must  necessarily  be  as  simple  and  cheap 
as  possible.  For  such  telephone  apparatus  the  carbon  microphone 
with  diaphragm  may  possibly  always  be  used.) 

But  where  exact  and  accurate  translation  of  sound  waves  into 
electric  currents  is  desired  it  is  quite  unnecessary  to  use  a  vibrating 
diaphragm.  It  has  long  been  the  dream  of  telephone  engineers  to 
translate  the  sound  waves  in  the  air  directly  into  electric  currents. 
There  are,  I  have  found,  a  variety  of  ways  of  doing  this.  You  are 
perhaps  familiar  with  the  story  of  the  discovery  of  the  audion;  how 
the  first  suggestion  came  to  me  as  a  result  of  observation  of  a  sensitive 
gas  flame.  From  this  rudimentary  idea,  which  originated  in  1900, 
was  developed,  during  the  ensuing  five  years,  the  three-electrode 
vacuum  tube  which  was  destined  to  become  the  telephone  repeater 


or  amplifier  for  which  telephone  engineers  had  been  searching  for 
twenty  years.  For  these  were  working  always  along  the  well  beaten 
path  of  a  telephone  receiver  siameesed  by  some  more  or  less  ingenious 
method  to  a  carbon  microphone  transmitter  controlling  a  local 
source  of  electric  energy. 

And  now  in  exactly  the  same  way,  starting  from  exactly  the 
same  point  of  investigation,  the  sensitive  gas  flame,  has  been  evolved 
a  new  form  of  microphone  device,  which  does  directly  what  the  tele- 
phone engineers  have  so  long  dreamed  of  accomplishing,  that  is, 
turning  sound  waves  in  the  air  directly  into  electric  currents.  Take 
the  ordinary  bat- wing  gas  burner,  or  a  certain  form  of  Welsbach 
mantel  gas  light,  or  special  forms  of  oxy-acytelene  gas  flame;  insert 
two  heat-resisting  electrodes  therein,  in  proper  relation  to  the  flame 
and  to  each  other;  connect  these  electrodes  to  an  appropriate  electro- 
motive force.  You  will  then  have  an  extremely  sensitive  sound 
converter  which  gives  an  electric  reproduction  of  the  sound  waves  in 
the  air  enveloping  the  flame  which  is  of  an  entirely  different  order  of 
fidelity  from  that  ever  obtained  from  any  form  of  microphonic  device 
using  a  diaphragm,  whether  this  be  of  the  carbon,  electro-magnetic, 
or  electro-static  variety.  Here  again  history  repeats  itself.  After  I 
had  first  used  the  gas  flame  as  a  detector  of  wireless  signals  I  next 
tried  the  intensely  heated  gases  in  an  electric  arc  and  found  the 
same  phenomena,  although  very  imperfect  on  account  of  the  over- 
whelmingly loud  disturbances  due  to  the  arc  itself.  So  again  it  has 
been  found  that  a  long  electric  arc  in  the  air  possesses  the  property 
of  modulating  to  some  extent  the  electric  current  passing  between 
the  electrodes  in  response  to  the  changes  of  air  pressure  produced  by 
the  impinging  sound  waves. 

In  Germany  an  investigator  by  the  name  of  Vogt  has  found  a 
similar  action  in  the  ionic  currents  passing  through  the  air  between 
a  Nernst  glower  and  a  cold  anode  placed  nearby.  All  of  these  electric 
reproductions  of  sound  waves  are  naturally  extremely  wTeak,  and 
must  be  amplified,  by  means  of  a  series  of  audion  amplifiers,  several 
thousand  times  before  they  can  be  applied  to  any  useful  purpose. 

More  recently,  Dr.  Philip  Thomas,  of  Pittsburgh,  has  demon- 
strated that  a  high-potential  low  current  discharge  between  two 
electrodes  in  air  may  be  "modulated"  by  sound  waves.  This  is  a 
return  to  the  method  which  I  showed  in  a  patent  taken  out  in  1906 
for  controlling  very  simply  by  the  voice  the  high-frequency  high- 
potential  currents  in  a  radio-telephone  transmitter. 

But  I  have  found  still  another  method  of  translating  sound  waves 
direct  into  electric  currents  without  the  imposition  of  any  diaphragm. 
This  arrangement,  independently  suggested  by  Mr.  T.  W.  Case,  is 
the  reversal  of  the  well  known  "Thermophone,"  a  device  wherein  an 
extremely  fine  platinum  wire,  thru  which  is  passed  a  telephonic 
current,  reproduces  these  in  the  form  of  sound  waves  due  to  the 
alternate  heating  and  cooling  of  the  air  immediately  surrounding 
the  extremely  fine  wire. 

We  have  found  in  the  same  way  that  when  a  series  of  very  fine 
and  very  short  platinum  wires  are  heated  to  a  dull  red  from  a  local 
source  of  current,  the  resistance  of  these  wires  changes,  alternately 
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increasing  and  decreasing  in  conformity  with  the  sound  waves  im- 
pinging thereon;  so  that  from  a  telephone  transformer  connected  in 
series  with  the  battery  and  this  thermo-microphone,  a  remarkably 
faithful  representation  of  the  sound  waves  is  obtained,  even  though 
the  frequency  of  these  be  as  high  as  3000  per  second.  The  sensitive- 
ness of  this  device  is  greatly  enhanced  by  a  gentle  stream  of  air,  by 
fluid  evaporation  in  the  neighborhood,  and  by  other  auxiliary  means. 
In  a  word,  therefore  there  now  exist  several  ways  of  obtaining  ex- 
traordinarily faithful  reproductions  of  sound  waves  in  the  form  of 
electric  currents,  entirely  unlike  the  diaphragm  method  on  which 
telephone  engineers  have  been  working  from  the  beginning  of  the 
telephone  art. 

Of  all  the  diaphragm  types  of  transmitters  unquestionably  the 
electro-static  type,  as  perfected  by  engineers  of  the  Western  Electric 
Company,  comes  nearest  to  approximating  perfection.  While  this 
is  extremely  insensitive  compared  with  the  best  carbon  microphone 
type,  there  is  small  comparison  between  the  fidelity  of  reproduction 
by  the  two  means.  But  one  listening  in  a  telephone  to  the  reproduc- 
tion by  means  of  the  flame  microphone,  and  then  by  means  of  the 
electro-static  microphone,  will  at  once  exclaim  that  the  fidelity  of 
reproductions  in  the  first  case  is  of  quite  a  different  order  from  that 
obtained  even  from  the  highly  perfected  diaphragm  of  the  best 
electro-static  microphone. 

Passing  now  to  the  loud  speaker,  or  reproducer,  the  last  step  in 
the  many  translations  which  I  have  been  describing,  I  regret  to  say 
that  we  are  here  still  limited  to  the  use  of  a  diaphragm  and  horn. 
Although  the  loud  speaker  has  been  developed  to  a  high  state  of 
perfection,  notably  again  by  engineers  of  the  Western  Electric 
Company,  there  is  still  room  for  improvement,  and  much  is  left  to 
be  desired.  And  I  am  convinced  that  final  perfection  will  come  not 
thru  any  refinements  of  the  telephone  and  diaphragm,  but  by  the 
application  of  entirely  different  principles.  For  example  the  talking 
arc  has  been  known  for  many  years  as  a  fairly  faithful  converter  of 
telephonic  currents  into  sound  waves;  and  recently  I  have  done  some 
development  work  along  the  lines  of  the  "loud-speaker  thermo- 
phone";  but  thus  far  with  no  very  promising  results.  Some  entirely 
novel  method  of  agitating  the  air  waves,  as  distinguished  from  the 
thus  far  single  useful  method  of  beating  them  by  means  of  a  solid 
diaphragm,  must  be  discovered.  For  the  present,  however,  the  form 
of  telephone  loud  speaker  with  properly  designed  horn,  to  which  you 
are  listening,  answers  the  actual  requirements  well,  if  not  perfectly. 

The  question  is  often  asked,  "What  happens  when  the  film 
becomes  torn?  Is  not  synchronism  lost  in  a  film  that  has  been  patched 
together?"  Where  pictures  are  taken,  as  here,  at  the  rate  of  20  to  22 
per  second,  one  or  even  two  "frames"  may  be  cut  out  of  both  voice 
and  picture  records  without  the  flaw  in  exact  synchronism  being 
observable.  This  holds  true  even  though  the  picture  is  some  ten 
inches  ahead  of  the  corresponding  voice  record.  However  the  sharpest 
ear  will  not  notice  the  omission  from  a  voice  or  music  record  of  a 
portion  occupying  not  more  than  one  twentieth  part  of  a  second. 
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Of  course  should  a  film  become  badly  torn,  or  worn  out,  it  must 
be  replaced  by  a  fresh  print,  as  in  any  motion-picture  film. 

A  comparison  of  the  photographic  records  of  various  sounds, 
as  of  the  five  vowels,  is  interesting.  Some  of  the  patterns  here  are 
very  pretty  and  symmetrical — that  of  the  letter  E  particularly. 


Fig.  3.     The  Vowels 


We  have  often  heard  comparisons  of  light  with  sounds.  Here, 
on  the  Phonofilm,  we  have  them  both  truly  interlinked — Sound 
registered  and  interrupted  by  Light — Light  waves  have  become  the 
carriers  of  sound  waves,  and  we  have  here  caused  Sound  to  write  its 
autograph  in  Light. 

These  symmetrically  beautiful,  but  ever-varying  lines  of  light 
are  indeed  "sound  shadows" — long  sought  by  the  poets — "photo- 
graphic echoes"  which  can  resound  and  reverberate,  and  re-echo, 
again  and  again,  with  all  true  color  of  tone  and  fidelity  of  phrasing, 
whenever  it  pleases  one  to  again  pass  light  athwart  these  shadows ! 

In  studio  practise  with  Phonofilm  recording  new  methods  must 
be  introduced  in  contrast  to  those  heretofore  employed  in  the  ordinary 
motion  picture.  For  example,  everyone  must  work  in  absolute 
silence,  except  the  actors  or  musicians  who  are  being  actually  re- 
corded. This  involves,  of  course,  studios  particularly  designed  for 
this  work  with  every  precaution  taken  against  extraneous  noises 
and  interior  echoes.  The  usual  hammering,  pounding  and  general 
bedlam  which  has  heretofore  distinguished  the  moving  picture  studio 
must  be  completely  eliminated  during  a  "take." 
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A  new  type  of  moving  picture  director  must  be  evolved,  or  if 
the  old  type  is  continued  he  must  be  thoroly  gagged,  and  learn  to 
direct  by  signal  and  gesture  only.  Special  means  must  be  taken  to 
shield  the  highly  sensitive  transmitters  and  amplifiers  from  electric 
induction  from  the  various  types  of  lamps  which  must  be  employed 
and  the  cables  leading  thereto.  However  these  difficulties  are  not 
insurmountable  nor  really  serious.  We  have  made  great  progress 
along  this  line,  and  our  productions  are  each  week  coming  nearer  to 
the  ideals  we  have  set  ourselves  to  work  towards. 

There  is  no  reason  why  the  Phonofilm  process  cannot  be  used 
with  one  or  two  of  the  better  colored-picture  methods.  Already 
steps  have  been  taken  to  combine  the  Phonofilm  with  color,  and  we 
expect  to  be  able  to  release  films  combining  this  doubly  charming- 
novelty  within  a  few  months. 

We  believe  this  will  mark  a  great  advancs  towards  that  perfect 
realism  on  the  silver  screen  of  which  we  have  all  dreamed,  but  which 
in  its  perfection  can  never  be  attained. 


Fig.  4.     Camera 

I  have  now  equipped  a  Bell-Howell  camera  with  the  Photion 
attachment  which,  combined  with  a  specially  built  portable  transmit- 
ter and  amplifier  unit,  will  permit  of  the  Phonofilming  of  outdoor 
subjects.  For  example  open  air  band  concerts,  pictures  of  water- 
falls, ocean  surf,  singing  birds,  and  similar  subjects  where  nature  has 
combined  the  beauties  of  sound  and  form. 

Having  now  run  over  briefly  the  evolution  of  the  methods  of 
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recording  and  reproducing  sound  photographically  on  the  moving 
picture  film  it  is  appropriate  to  direct  your  consideration  to  some  of 
the  useful  commercial  and  educational  applications  of  this  principle, 
and  also  of  the  many  inventions  which  the  development  of  this 
principle  have  entailed.  These  questions  have  doubtless  been 
passing  thru  your  minds  since  the  topic  of  talking  motion  pictures 
was  first  called  to  your  attention: — "Does  the  public  want  the 
talking  picture?  Is  there  room  in  the  field  of  the  silent  drama  for 
screen  versions  which  are  not  all  merely  pantomime?"  "Can  the 
picture  and  the  sound  which  go  together  so  naturally  in  actual  life, 
and  which  have  been  so  completely  divorced  from  each  other  since 
the  beginning  of  the  cinema  art,  be  again  brought  together  in  a 
manner  which  shall  be,  if  not  entirely  natural,  at  least  artistic  and 
pleasing?" 

If  you  ask  whether  the  ordinary  silent  drama  to  which  we  are  all 
so  familiarized  can  in  general  be  improved  by  the  addition  of  the 
voice,  the  answer  is  unquestionably  "No."  Many,  and  in  fact  most 
of  the  moving  picture  artists  are  not  trained  on  the  legitimate  stage; 
they  have  no  adequate  speaking  voices — many  in  fact  are  incapable 
of  speaking  good  English.  The  situation  is  exactly  like  that  existing 
when  the  moving  picture  was  first  evolved.  It  was  then  the  common 
idea  that  the  moving  picture  drama  would  be  nothing  more  than  an 
attempt  to  photograph  the  ordinary  drama  of  the  stage,  limited  to 
the  same  confined  situations,  the  same  small  scenes,  the  same  few 
characters,  etc.  It  did  not  take  long  to  demonstrate  the  total  failure 
of  the  new  motion  picture  art  to  enter  into  successful  competition 
with  the  drama  along  these  lines.  An  entirely  novel  type  of  dramatic 
scheme  and  presentation  was  necessary  before  screen  versions  were 
artistically  possible.  But  Edison,  and  the  other  moving  picture 
pioneers,  had  supplied  a  new  medium,  and  it  did  not  take  the  more 
enterprising,  energetic,  and  progressive  producers  long  to  see  the 
entirely  new  possibilities  which  thus  lay  open  to  them,  and  to  evolve 
an  entirely  new  form  of  entertainment.  How  well  they  have  suc- 
ceeded in  evolving  a  new  art  is  attested  by  the  immense  financial 
success  of  the  moving  picture  industry  of  today. 

The  situation  therefore,  as  regards  the  future  of  the  Phonofilm, 
is  today  very  similar  to  that  which  faced  the  new  art  of  the  silent 
picture  when  it  was  first  realized  that  in  order  to  fulfill  its  mission 
as  a  means  of  entertainment  and  education,  it  must  not  seek  to  follow 
blindly  in  the  path  of  the  legitimate  drama.  That  it  must  take  full 
advantage  of  the  immensely  wider  ranges  which  were  inherently  its 
own  property,  and  enter  entirely  new  fields  which  were,  by  the  very 
nature  of  things,  completely  closed  to  the  older  form  of  stage  pictures 
and  stage  entertainment.  Thus  I  claim  that  an  entirely  new  form 
of  screen  drama  can  be  worked  out,  taking  advantage  of  the  possibil- 
ities of  introducing  music  and  voice,  and  appropriate  acoustic  ef- 
fects, not  necessarily  thruout  the  entire  action,  but  here  and  there 
where  the  effects  can  be  made  much  more  startling,  or  theatrical  if 
you  will,  or  significant,  than  is  possible  by  pantomime  alone,  no 
matter  how  cleverly  such  may  be  worked  out.  It  is  incumbent  on 
the  scenario  writers  to  see  these  possibilities,  and  to  work  up  their 
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situations  and  scenes  around  such  acoustic  effects  as  can  be  success- 
fully brought  out,  rather  than  to  follow  the  reverse  principle  of 
merely  attempting  to  introduce  acoustic  effects  into  scenes  and  situa- 
tions which  were  primarily  better  adapted  to  the  pantomime  art. 

To  reproduce  in  an  artistic  and  pleasing  manner,  both  musically 
and  pictorially,  operettas,  entire  acts  of  opera,  selections  by  sym- 
phony orchestras,  popular  bands,  the  songs  of  concert  singers  whom 
the  public  admires  but  are  seldom  privileged  to  actually  hear — really 
popularize  the  playing  of  famous  virtuosos,  on  piano  or  violin — there 
can  be,  I  believe,  no  question  as  to  the  long  felt  vacant  field  which 
the  Phonofilm  is  destined  to  fill.  For  here  surely  the  silent  drama  is 
totally  lacking;  and  the  too  brief  phonograph  record,  blind  to  sight, 
and  leaving  much  to  be  desired  in  naturalness  of  tone  quality,  can 
never  be  expected  to  qualify  as  a  means  of  entertainment  of  public 
audiences. 

There  are,  moreover,  many  instances  where  the  silent  drama,  as 
it  actually  exists  today,  can  be  improved  by  the  introduction  of 
spoken  matter.  And  numberless  cases  where  incidental  music,,  which 
can  be  played  only  by  adequate  orchestras  available  solely  in  a  few 
of  the  largest  theatres,  can  be  successfully  introduced  into  every 
medium-sized  moving  picture  theatre  in  the  land.  Similar  y  where 
the  action  and  sequence  of  so  many  silent  dramas  are  today  badly 
interrupted  by  the  necessity  of  reading  long  and  elaborate  titles  and 
explanations  on  the  screen.  The  reading  of  lengthy  letters,  tele- 
grams, etc.,  could  frequently  be  far  more  effectively  rendered  by  a 
clear  resonant  voice,  spoken;  it  may  be  entirely  off  the  scene,  and  not 
necessarily  by  one  of  the  principals.  I  can  in  fact  picture  some  very 
dramatic  effects  which  may  be  obtained  where,  perhaps,  only  one  or 
two  words  or  sentences  spoken  throughout  the  entire  run  of  an  other- 
wise silent  drama,  will  grip  the  attention,  and  startle  the  imagination, 
as  does  the  occasional  introduction  of  a  hand-tinted  object  in  an 
otherwise  monotonous  black  and  white  picture. 

I  intend  here  only  to  point  out  that  there  lie  dormant  in  the 
Phonofilm  new  possibilities  for  obtaining  dramatic  and  genuinely 
artistic  and  beautiful  effects,  which  lie  entirely  out  of  the  range  of  the 
silent  drama.  It  is  rather  for  the  progressive  and  imaginative  pro- 
ducers and  scenario  writers  to  act  on  these  hints  to  evolve  something 
which  the  public  has  for  a  long  time,  in  an  inarticulate  and  half 
recognized  manner,  been  expecting.  To  those  who  have  the  requisite 
daring  and  initiative  will  come  the  greatest  meed  of  reward. 

So  much  for  the  Phonofilm  drama.  But  there  are  other  fields 
for  the  useful  combination  of  picture  with  voice  and  music  which 
can  admit  of  no  serious  dispute.  Foremost  in  this  category  I  would 
place  the  educational  film.  Unquestionably  most  of  the  educational 
films,  especially  for  class  room  work,  could  be  greatly  improved  in 
interest  to  the  audience  and  in  clarity  of  the  lesson  conveyed,  if  their 
presentation  were  accompanied  by  a  lucid  explanation,  delivered  in 
the  first  place  by  some  authority  on  the  subject  who  is  far  more 
competent  to  lecture  thereon  than  are  the  majority  of  the  instructors 
who  are  presenting  the  film  to  their  classes.  The  proper  matter, 
concise  and  to  the  point,  will  thus  always  accompany  the  picture, 
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not  too  much  and  not  too  brief;  and  information  be  thus  conveyed 
which  the  picture  alone  is  quite  inadequate  to  confer. 

Similarly  in  the  presentation  of  scenic  films,  travelogues,  etc. 
Their  interest  and  beauty  can  be  immeasurably  enhanced  by  virtue 
of  verbal  descriptions  couched  in  impressive,  and  sometimes  poetic 
terms.  Consider  moreover  the  appeal  of  fine  pictures  of  the  great 
Outdoors,  the  vision  of  wide  horizons,  views  from  some  mighty 
mountain  top, — the  emotions  awakened  in  the  heart  of  the  Artist 
who  gazes  out  upon  some  noble  forest  landscape  or  over  the  magni- 
ficent vistas  of  far  reaching  valleys,  the  deep  sentiments  which  are 
aroused  when  one  stands  beneath  the  trees  of  some  lofty  cathedral 
grove!  These  sentiments,  these  emotions,  can  only  be  adequately 
expressed  by  appropriate  music,  or  perchance  to  the  accompaniment 
of  the  poem  of  some  great  master.  All  such  music  and  all  such  poetry 
can  now  be  interwoven  with  the  picture;  and  its  beauty  and  its 
message  thereby  elevated  to  ennobling  heights,  to  which  the  silent 
picture,  however  lovely,  has  never  yet  attained. 

The  weekly  News  Items  which  are  now  recognized  as  an  ap- 
propriate part  of  every  film  program  can  be  made  vastly  more  in- 
teresting and  informative  to  the  audience  if,  in  a  few  terse  sentences, 
the  scene  depicted  be  also  described,  or  the  situation,  which  is  fre- 
quently so  inadequately  told  by  the  picture  alone,  be  interpreted 
by  the  voice  of  some  well  informed,  entirely  invisible,  speaker. 
Once  this  form  of  pictorial  news  service  has  been  adequately  intro- 
duced, I  venture  to  say  that  the  average  audience  will  feel  that 
without  the  spoken  accompaniment,  these  pictures  have  lost  their 
grip,  their  lively  interest. 

In  the  realm  of  the  comedy  immense  possibilities  for  the  Phono- 
film  unquestionably  lie.  The  humor  of  many  ludicrous  situations  can 
be  screamingly  increased  if  the  right  words,  the  right  jest  were  spoken 
at  the  right  time,  in  the  proper  dialect,  or  vernacular,  or  tone  of 
voice.  Similarly  in  animated  cartoons,  where  the  little  animals  or 
manikins  can  speak  their  funny  thoughts  as  well  as  act  in  their  funny 
ways,  the  humor  of  this  new  type  of  comedy  can  be  readily  doubled. 

The  filming  of  notable  men,  characters  in  the  public  eye,  presi- 
dents and  rulers,  candidates  for  public  office,  etc.,  will  be  made  many 
fold  more  interesting  and  genuine  to  the  audience  when  their  voices 
also  are  reproduced,  instead  of  the  present  more  or  less  inane  mockery 
of  their  moving  lips  accompanied  by  silence.  Picture  for  a  moment 
what  the  Phonofilm  will  mean  in  the  future  in  perpetuating  our  really 
great  men  for  coming  generations — How  priceless  now  would  be  the 
film  reproduction  of  Lincoln  delivering  his  immortal  Address  at 
Gettysburg,  or  of  Roosevelt  as  he  stood  before  the  Hippodrome 
audience  at  his  last  public  appearance  delivering  a  message  to  his 
countrymen,  the  inspiration  of  which  has  already  been,  how  sadly, 
lost.  Could  we  now  see  and  hear  Edwin  Booth  as  Hamlet;  Irving  as 
Richelieu;  Mary  Anderson  as  Juliet — for  real  comparison,  not  based 
on  treacherous  and  fading  memories,  with  our  present  day  "great" 
tragedians!  None  can  deny  the  need  to  our  present  thoughtless 
generation  of  frequently  seeing  and  hearing  in  their  exalted  moments 
our  really  great  men  reproduced  from  time  to  time  for  the  benefit 
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and  uplift  and  inspiration  of  us  all.  That  these  great  moments  in 
the  lives  of  great  men  shall  not  be  forever  lost  to  our  descendants, 
is  one  of  the  debts  which  those  who  come  after  us  shall  owe  to  the 
film  which  records  both  the  voice  and  the  visage  of  the  nation's 
leaders.  And,  thus,  I  ask  you,  judge  not  the  future  usefulness  of  the 
Phonofilm  by  its  present  accomplishment,  as  already  displayed  in  a 
Broadway  theatre,  but  rather  by  its  promise  of  finer  things  soon  to  be 
achieved! 
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DISCUSSION 

Me.  Jenkins:  I  see  in  these  diagrams  a  thing  rather  interesting 
to  me  which  has  had  some  consideration  from  myself,  and  no  doubt 
it  has  come  before  Mr.  Stewart;  that  is,  if  you  use  continuous  motion 
picture  mechanisms  to  keep  the  film  flowing  past  the  aperture  con- 
tinuously, you  can  put  the  sound  record  immediately  adjacent  to  the 
appropriate  picture  part  so  that  tearing  doesn't  disturb  the  syn- 
chronism. This  is  a  small  point  but  one  which  the  engineers  should 
tuck  away  in  their  minds  for  future  data  to  work  on  perhaps.  I 
certainly  think  that  Dr.  DeForest  should  be  complimented  on  the 
work  he  is  doing,  and  for  my  part  I  want  to  thank  him  for  the  data 
he  has  included  in  his  paper,  and  which  will  appear  in  our  transactions 
for  continued  usefulness  in  other  ways. 

De.  Kellner:  I  wish  to  draw  attention  to  the  last  chart.  It  is 
interesting  to  note  how  the  vowel  sounds  are  represented  by  the 
different  grouping  of  the  lines;  the  A  and  E  sounds  are  full  of  over- 
tones, showing  the  most  complex  arrangement  of  lines,  while  for 
U  (oo)  the  arrangement  is  very  much  simpler. 

Mr.  Tykociner:  I  call  attention  to  the  way  the  recorded  vowels 
are  represented  on  the  chart.  The  chart  gives  only  a  rough  illustra- 
tion. The  real  sound  record  does  not  show  an  abrupt  change  from 
white  to  dark.  The  change  is  gradual,  therefore  the  lines  in  the  dia- 
gram ought  to  be  shaded  corresponding  to  the  distribution  of  photo- 
graphic density.  As  I  will  read  a  paper  to-day  reporting  on  the  work 
I  have  done  in  the  same  field,  I  abstain  from  further  discussion  at  this 
moment. 

Mr.  Richardson:  You  have  here  the  photograph  as  being  pro- 
jected and  presumably  3  or  4  inches  above  the  sprocket  the  voice 
record  is  being  used.  That  would  require  a  modification  in  motion 
picture  projectors.  It  could  be  done  by  the  change  of  one  part.  If 
the  projectionist  in  threading  the  projector  made  the  loop  large  or 
small  so  that  it  was  not  standard  what  effect  would  this  have? 

Mr.  Waddell:  It  should  be  put  at  the  same  distance  but  would 
make  very  little  difference. 

Mr.  Richardson:  Suppose  it  is  larger  or  smaller,  what  would 
the  effect  be? 

Mr.  Waddell:  No  one  would  detect  it. 

Mr.  Richardson:  My  observation  has  been  in  looking  at  a 
number  of  talking  pictures  that  the  effect  is  spoiled.  Suppose  it  is 
necessary  to  take  a  foot  out  of  the  film;  would  it  synchronize  again? 

Mr.  Waddell:  Absolutely. 

Mr.  Richardson:  An  over-tone  is  an  unfamiliar  term  to  me. 
Could  it  be  defined  in  simple  language? 
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Dr.  Story:  Mr.  Richardson  asked  as  to  the  effect  of  slight 
maladjustments  of  the  length  of  film  loop  between  the  aperture  and 
the  point  at  which  the  film  controls  the  sound  producing  device. 
Even  when  the  synchronism  is  perfect  there  is,  of  course,  a  certain  lag 
between  the  action  and  the  sound  as  observed  at  a  distance  from  the 
screen,  just  as  there  is  a  lag  between  the  motion  of  an  actor's  lips  and 
the  arrival  of  his  words  at  any  point  in  the  audience.  If  the  film  runs 
through  the  sound  control  before  passing  the  aperture,  a  decrease  of 
one  frame  in  the  length  of  the  film  loop  will  cause  the  sound  to  lag 
behind  the  action  to  the  same  amount  as  would  an  addition  of  65 
feet  to  the  distance  of  the  observer  from  the  screen.  To  one  sitting 
close  to  the  screen  such  a  lag  would  undoubtedly  be  noticeable. 

One  cannot  help  wondering  whether  the  addition  of  synchro- 
nized sounds  to  motion  pictures  will  result  in  the  maintaining  of  a 
standard  film  speed,  or  whether  exhibitors  will  continue  to  over- 
speed  the  film  in  spite  of  the  abnormally  high  pitch  of  the  sounds 
produced. 

Mr.  Richardson:  Suppose  you  have  widely  scattered  speakers; 
how  do  you  get  the  sound? 

Mr.  Waddell:  The  amplifiers  are  in  practice  on  a  table  beside 
the  camera,  and  we  run  wires  to  the  stage  and  put  microphones  of 
various  kinds  from  5  to  20  feet  away  from  the  noise,  and,  if  necessary, 
more  than  one  microphone. 

Dr.  Kellner:  The  first  over-tone  of  middle  C  on  the  piano  is  the 
next  higher  octave,  512  vibrations  per  second.  Raising  the  tone  from 
256  to  257  vibrations  will  simply  put  the  tone  out  of  pitch. 

Mr.  Richardson  :  Do  I  understand  that  a  white  line  represents  a 
high  sound  and  the  black  a  low  sound — the  modulation  of  sound? 

Mr.  Tykociner:  The  significance  of  the  lines  on  the  chart  is 
this.  If  the  number  of  lines  contained  in  the  sound  record  in  a  unit 
length  of  film  are  counted,  it  will  be  found  that  the  number  of  lines 
for  tones  of  high  pitch  is  greater  than  for  low  pitch.  The  distance 
between  the  lines  decreases  with  the  frequency  of  the  recorded  sound. 
For  instance,  here  (indicating  the  diagram)  the  frequency  is  so  much 
higher  and  here  it  is  lower.  In  the  case  of  over-tones  a  combination 
of  closer  lines  appears  in  the  record.  For  the  fundamental  tone  the 
distance  separating  the  lines  is  2,  3,  4,  etc.,  times  larger  than  the 
distance  between  the  lines  of  corresponding  over-tones. 

Mr.  Waddell:  As  to  whether  the  public  want  talking  pictures; 
Mr.  DeForest  refers  to  this  in  his  paper  and  his  arguments  are  in 
this  book.    I  know  they  don't  want  talking  feature  pictures. 
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RADIO  PHOTOGRAPHS,  RADIO  MOVIES,  AND 
RADIO  VISION 

C.  Francis  Jenkins 

ATTEMPTS  to  send  pictures  electrically,  and  to  see  by  wire, 
i.e.,  "tele vision,"  are  very  old,  dating  back  well-nigh  a  hundred 
years.  And  as  radio  differs  from  wire  only  as  a  means  of  carry- 
ing the  picture  characteristics  over  the  intervening  distance  between 
stations,  with  the  advantages  in  favor  of  radio,  it  is  quite  natural 
that  the  early  workers  should  immediately  begin  the  adaptation  of 
their  apparatus  to  radio  as  soon  as  radio  was  available. 

There  are  two  outstanding  characteristics  in  these  earlier  efforts ; 
(1)  without  exception  every  scheme  which  has  attained  any  degree 
of  success  at  all  has  depended  upon  the  synchronous  rotation  of  two 
cylinders,  one  at  the  sending  station  with  the  picture  thereon  which 
is  to  be  sent;  and  the  other  at  the  receiving  station  where  the  picture 
is  to  be  put;  and  (2)  that  the  schemes  employed  were  limited  to  the 
reproduction  of  the  picture  in  black  and  white  only. 

Perhaps  the  very  age  of  this  scheme,  and  also  that  there  are  no 
patents  thereon  to  prevent  anyone  from  using  it,  explains  the  reason 
it  has  been  employed  so  often  by  so  many. 

And  there  have  been  many  workers;  e.g.,  in  England  no  less 
personages  than  Lord  Northcliff,  Sir  Thompson,  Mr.  Evans,  and  Mr. 
Baker;  in  France  are  MM.  Armengaud,  Ruhmer,  Rignoux,  Fournier, 
and  Belin;  in  Germany  Paul  Nipkow,  Dr.  Auchutz,  and  Dr.  Korn;  in 
Norway  Mr.  Petersen;  and  in  Sweden  Mr.  Hansen. 

In  America  Mr.  Ballard,  Mr.  Brown,  and  Mr.  N.  S.  Amstutz,  the 
latter  deserving  particular  mention  for,  from  a  distant  picture,  a 
swelled  gelatine  print,  he  engraved  a  printing  plate  which  could  be  put 
directly  into  a  printing  press  for  reproduction. 

All  these  workers  have  adopted  the  cylinder  method  of  sending 
and  receiving,  and  all  have  arrived  at  approximately  the  same  stage 
of  development,  stopped  by  the  physical  limitations  of  the  scheme 
itself.  Quite  obviously  it  is  not  with  the  cylinder  and-dot-and-dash 
schemes  that  we  will  ever  get  television. 

Development  toward  "television,"  or  as  I  prefer  to  call  it,  Radio 
Vision,  contemplates  the  sending  from  a  flat  surface  and  receiving 
on  a  flat  surface,  and  a  modulation  which  will  give  not  only  the  high 
lights  and  shadows  of  photographs,  but  the  half-tone  values  also. 
By  flat  surface  is  meant  to  include  the  depth  of  focus  of  the  lens 
employed,  that  is,  not  only  must  the  lens  at  the  sending  station  send 
from  a  flat  surface,  but  it  must  likewise  send  from  a  solid  object, 
and  also  from  an  outdoor  scene;  while  at  the  receiving  station  the 

78 


picture  must  be  caught  on  a  flat  surface  like  a  photographic  plate,  a 
white  wall,  or  a  motion  picture  screen  as  employed  in  the  theatres. 

It  was  with  these  facts  before  me  that  I  begaD  my  solution  of 
the  problem.  My  first  published  article  on  the  subject  appeared  in 
the  Electrical  Engineer,  July  25,  1894,  which  contemplated  the  use  of 
wire  connections  from  station  to  station.  My  first  published  article 
on  the  application  of  radio  to  the  problem  appeared  in  the  Motion 
Picture  News,  October  4,  1913,  under  the  heading  "Motion  Pictures 
by  Wireless,"  and  had  editorial  comment. 

But  no  practical,  workable  scheme  seemed  possible  when  the 
combination  was  made  up  of  parts  selected  from  apparatus  available, 
that  is,  already  employed  in  science  and  industry,  a  missing  part 
must  be  found  to  tie  them  together. 

So  I  set  about  the  discovery  of  this  missing  link,  the  something 
which  would  remove  existing  limitations.  The  result  is  the  Prismatic 
Disc,  a  new  optical  shape  in  glass  which  gives  to  a  beam  of  light  pass- 
ing therethrough  a  fixed  axis  on  one  side  of  the  prism  and  a  hinged 
or  oscillating  axis  on  the  other  side  of  the  prism,  described  in  the 
Transactions  of  the  Society  of  Motion  Picture  Engineers,  Montreal 
meeting,  May,  1920. 

By  these  means  I  am  able  to  make  a  picture  image  move  over 
a  light  sensitive  cell  in  such  a  manner  that  every  part  of  the  picture 
eventually  impinges  on  the  cell  so  that  the  successive  picture  charac- 
teristics are  impressed  on  the  radio  carrier  wave;  while  at  the  re- 
ceiving station  these  picture  characteristics  cause  a  fluctuating 
point  of  light,  a  tiny  twinkling  star,  to  travel  in  lines  over  a  photo- 
graphic plate,  which  when  developed,  becomes  a  negative  of  the 
picture,  object  or  scene  at  the  sending  station. 

Now  to  receive  Pictures-by-Radio  it  is  only  necessary  (1)  to 
cover  a  photographic  plate  in  parallel  adjacent  lines,  and  (2)  to  vary 
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the  density  of  the  lines,  to  build  up  the  shadows,  the  half-tones,  and 
the  high  lights  of  the  picture. 

The  essential  device  which  thus  makes  Pictures-by-Radio  is  this 
Prismatic  Ring,  perfect  examples  of  which  have  been  attained  only 
since  the  perfection  of  automatic  machinery  for  its  making. 

This  Prismatic  Ring  is  equivalent  to  a  glass  prism  which  changes 
the  angle  between  its  faces;  that  is,  a  small  pencil  of  light  coming 
from  a  fixed  source  and  passing  through  the  overlapping  surfaces 
of  two  rotating  Prismatic  Rings,  having  their  diameters  at  right 
angles  where  the  diameters  cross,  and  one  of  the  plates  rotating  many 
times  faster  than  the  other,  will  cause  this  pencil  of  light  to  sweep 
across  the  picture  in  adjacent  parallel  lines,  until  the  whole  surface 
of  the  picture  negative  is  covered. 

At  the  same  time,  if  the  intensity  of  the  light  impinging  on  the 
negative  is  varied,  that  is,  strong  at  the  same  place  in  adjacent  lines, 
dense  spots  are  built  up;  if  the  light  is  less  intense  elsewhere,  half- 
tones will  be  obtained;  while  if  the  light  is  very  faint,  little  or  no 
exposure  will  result. 

It  is  thus  the  lights  and  shadows  which  make  the  picture  are 
built  up,  line  by  line,  for  when  this  negative  is  developed,  and  prints 
made  therefrom,  the  dense  areas  produce  high  lights  in  the  picture; 
the  less  dense  areas  the  half-tones;  and  the  thin  areas  the  shadows. 

And  these  high  lights,  half-tones,  and  shadows  correspond  in 
exact  position  and  density  to  the  high  lights,  the  half-tones  and  the 
shadows  of  the  picture  broadcasted  at  the  sending  station. 

At  the  broadcasting  station  a  radio  carrier  wave  is  impressed 
with  electrical  current  modulated  by  the  picture  characteristics  of 
the  photograph  sent,  as  the  high  lights,  half-tones,  and  shadows  of 
the  photograph  fall  in  succession  on  a  light  sensitive  cell  in  the  am- 
plifying circuit  going  to  the  radio  set. 

Further,  it  is  immaterial  whether  the  modulation  is  taken  direct 
from  a  flat  photograph,  from  a  solid  object,  or  from  an  outdoor  scene 
at  which  the  lens  of  the  transmitter  is  pointed. 

That  is,  by  means  of  these  Prismatic  Rings  and  a  light  sensitive 
cell  at  the  sending  station,  the  light  characteristics  which  make  up 
the  picture  are  converted  into  electric  current  characteristics,  which 
in  turn  are  impressed  on  radio  waves  employed  as  a  carrier. 

Now,  when  these  modulated  radio  waves  arrive  at  a  receiving 
station,  the  electric  characteristics  are  changed  back  into  picture 
characteristics  by  means  of  another  pair  of  Prismatic  Rings  and  a 
light  source  fluctuating  in  intensity.  The  scene  at  the  sending  station 
is,  therefore,  reproduced  with  remarkable  fidelity  on  a  photographic 
negative  at  the  receiving  station. 

Again,  as  the  picture  characteristics  are  taken  up  from  the  outer 
focal  field  of  the  transmitter  lens  at  the  sending  station,  an  actual 
scene  or  object  may  be  sent  as  readily  as  a  drawing,  handwriting,  cr  a 
photograph,  and  at  all  the  receiving  stations  is  reproduced  on  photo- 
graphic negatives  from  which  duplicate  prints  on  paper  or  lantern 
slides  are  made. 

The  whole  apparatus  is  comparable  to  a  camera  with  a  lens  in 
Washington   and  its   photographic   plate   in  Boston,   for  example; 
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with  this  difference,  that  the  one  lens,  in  Washington,  may  put  its 
picture  on  ten,  one  hundred,  or  one  thousand  photographic  plates  in 
as  many  different  cities  at  the  same  time,  and  at  distances  limited  only 
by  the  radio  power  of  the  broadcasting  station. 

With  this  new  apparatus  wireless  distribution  of  news  pictures 
for  daily-paper  illustration  insures  the  distribution  of  picture  news 
as  promptly  as  telegraphic  news;  which  means  that  pictures  of  news 
events  get  into  the  daily  papers  as  early  as  telegraphic  text,  and 
simultaneously  the  whole  country  over.  It  means  just  exactly  that, 
and  it  takes  no  particular  imagination  to  visualize  the  value  of  such 
service  to  the  newspapers. 

It  is  even  more  than  this,  for  these  Radio  News  Pictures  pro- 
jected from  magic  lantern  slides  onto  the  screens  of  the  best  picture 
theatres  in  the  cities,  enable  the  theatre  to  put  news  events  before 
the  public  sooner  than  the  newspapers  can  print  and  distribute 
telegraphic  news;  that  is,  the  daily  paper  is  now  threatened  with 
second  place  as  a  means  of  news  distribution,  for  no  newspaper  can 
possibly  put  a  distant  news  event  before  the  public  as  quickly  as  the 
theatre  can  with  Radio  Pictures. 

It  is  possible,  perhaps  probable,  that  a  news  bulletin  in  pictures 
and  type  may  be  broadcasted  and  the  photographic  negative  thereof 
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(at  all  receiving  stations)  be  used  in  the  printing  of  the  usual  news 
bulletin  sheet  either  by  direct  photographic  process,  photostatic 
prints,  or  by  a  photo-etching  process,  the  etched  plate  for  use  in  the 
printing  press;  this  would  eliminate  the  necessity  of  local  typesetting 
plants. 

The  Police  Departments  of  the  various  cities  of  the  country 
would  also  doubtless  be  customers  for  picture  distribution  service, 
as  photographs  of  criminals,  as  well  as  their  thumb  prints,  could  thus 
be  readily  distributed. 

Bankers  and  business  executives  could,  in  a  few  minutes,  verify 
the  signatures  to  checks,  drafts,  or  documents;  indeed  contracts 
and  other  forms  of  credit  could  be  exchanged  across  the  continent 
within  the  hour. 

Telegraph  messages  in  fac-simile  of  handwriting,  signature,  and 
explanatory  sketch  can  be  sent  in  competition  with  the  dot-and-dash 
wire  telegraph. 

These  instruments  should  also  have  great  tactical  value,  enabling 
the  Navy  and  the  Army  to  send  messages,  maps,  etc.,  which  cannot 
be  deciphered  by  the  unauthorized. 

The  remarkable  flexibility  of  this  system  is  further  shown  by  the 
photographs  successfully  sent  over  an  ordinary  unaltered  desk 
telephone  to  the  radio  set,  and  from  there  broadcasted,  i.e.,  remote 
control.     This  has  been  repeatedly  done,  though  central  too  often 
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breaks  in  to  ask  "What  number,  please,"  or  to  tell  us  "Your  party 
has  hung  up." 

This  feat  is  not  strange  if  one  but  remembers  that  our  sending 
set  simply  changes  picture  characteristics  into  electrical  modulation, 
just  as  a  carbon  transmitter  changes  speech  characteristics  into 
electrical  modulation.  At  the  receiving  set  this  radio-carried 
electrical  modulation  may  be  changed  into  sound  by  "head-phones," 
or  into  pictures  by  a  radio  camera. 

In  fact  my  young  men  judge  of  the  quality  of  the  picture  they 
are  getting  by  listening  in,  and  are  able  to  identify  an  unknown 
picture  by  sound,  where  they  have  been  using  the  picture  several 
times  in  their  experiments. 

In  the  official  Navy  demonstration  of  this  past  fall,  two  portraits, 
a  map,  a  written  message,  and  an  outdoor  scene  were  being  sent. 
This  the  young  man  at  the  receiving  station  knew,  but  he  did  not 
know  the  order  in  which  Commander  Taylor  would  send  them  from 
N  0  F,  the  Navy  broadcasting  station. 

Presently  one  of  the  admirals,  standing  by  the  receiving  set, 
asked  what  picture  was  being  sent.  The  radio-camera  man  listened 
a  moment,  and  replied — "Secretary  Denby,"  which  was  found  to  be 
correct  when  the  negative  was  developed. 

Thereupon  the  admiral  asked  to  listen  iD .  As  he  intently  watched 
the  fluctuating  light  which  was  exposing  the  photograph  on  the  nega- 
tive, someone  asked: — "Admiral,  what  does  the  Secretary  sound 
like?",  to  which  he  replied: — "He  sounds  like  he  looks." 

As  many  of  you  doubtless  noted  from  the  daily  papers,  we  sent 
photographs  from  Washington  to  Philadelphia  the  first  of  March. 

When  I  reached  Philadelphia,  I  found  that  the  receiving  appa- 
ratus was  expected  to  be  located  in  the  Bulletin  building  down  in  a 
pocket  surrounded  by  tall  steel  structures,  and  in  the  radio  shadow 
of  the  City  Hall  tower,  with  Wanamaker's  powerful  station,  WOO, 
only  a  square  away,  plus  other  broadcasting  stations,  the  Navy 
Yard  spark  set,  and  then,  for  good  measure,  arc  lamps,  electric 
elevators,  and  the  Associated  Press  telegraph  room  near  by,  a  situa- 
tion so  bad  that  a  firm  of  radio  engineers,  called  in  by  the  Bulletin  a 
week  previously,  had  refused  to  install  a  receiving  set  and  guarantee 
satisfaction. 

However,  as  we  had  come  to  Philadelphia  to  make  the  trial, 
we  set  up  anyway  and  by  careful  tuning  and  trapping,  and  eternal 
vigilance,  we  got  pictures  through,  with  perfect  photographic  modula- 
tion and  symmetry,  although  they  were  overwritten  with  code  inter- 
ference. The  pictures  were  used  for  illustrations  in  the  notice  of  the 
test  which  appeared  in  the  afternoon  papers. 

The  test  was  particularly  valuable  in  that  it  confirmed  our 
judgment  that  pictures  could  be  sent  by  our  apparatus  over  radio 
distances,  still  retaining  the  likeness  in  the  photograph  with  absolute 
fidelity. 

The  test  was  also  valuable  in  showing  what  could  not  be  done 
satisfactorily.  For  example,  the  antennae  and  radio  receiving  ap- 
paratus should  have  been  set  up  in  the  suburbs,  or  even  out  in  the 
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country,  and  the  picture  signals  sent  in  from  there  over  a  wire  to  the 
radio-camera  in  the  city,  that  is,  remote  control  of  the  radio-camera. 

It  may  be  worth  recording  here  that  the  apparatus  of  the  sending 
station,  N  0  F,  at  Washington,  was  wholly  in  charge  of  a  Navy 
officer  who  had  had  only  a  few  minutes'  instruction  before  the  radio 
photographic  sending  set  was  turned  over  to  him  for  operation. 

It  may  also  be  of  passing  interest  to  note  that  we  were  working 
so  close  to  the  Wanamaker  broadcasting  station  that  each  of  us 
listened  to  the  beautiful  pipe  organ  music  simply  by  holding  in  our 
hands  the  brass  part  of  the  plug  of  the  head  phones  as  we  walked 
about  the  room,  with  no  connection  whatever  to  the  receiving  in- 
strument. 

Perhaps  a  short  detailed  description  of  some  parts  of  our  apparatus 
might  be  interesting  to  you  as  engineers. 

The  sending  apparatus  is  so  simple  as  to  need  no  explanation, 
perhaps.  It  is  simply  an  illuminated  photograph,  some  rotating 
Prismatic  Rings,  a  lens  and  a  light-sensitive  cell.  Which  reminds 
me  of  the  remark  one  of  the  G.  E.  engineers  made: — "Sure,  I  could 
do  it  myself  if  I  had  Jenkins'  glass  butter  plates." 

Of  all  the  schemes  that  have  been  tried  by  us  as  substitutes  for 
the  Prismatic  Ring,  none  has  been  successful,  whereas  a  number  of 
different  devices  have  been  used  as  the  source  of  light  in  the  receiving 
set.  Familiarity  with  the  requirements  has  made  the  problem  rather 
a  simple  one,  the  problem  being  that  the  point  of  light  traveling  over 
the  photographic  plate  shall  be  properly  modulated. 

We  have  made  photographs  with  a  miniature  vibrating  mirror; 
we  have  made  photographs  with  glow  lamps;  we  have  made  photo- 
graphs by  employing  the  spark  of  an  ordinary  automobile  engine 
spark  plug,  but  of  all  these  and  other  schemes  tried,  none  has  so  far 
equalled  the  incandescent  filament  in  a  hydrogen  atmosphere.  This 
lamp  has  produced  photographs  which  are  absolutely  photographic 
in  character,  being  entirely  free  of  any  dot  or  line  effect  whatever. 

The  hook-up  for  the  filament  lamp  consists  of  a  battery  to  bring 


Photographs  by   Radio.     Sending  set   at   Naval  Radio   Station   N.  O.  F. 

Washington.      Washington-Philadelphia    Tests.      1.    The    Magic 

lantern  for  illuminating  the  photograph;  2.  The  Prismatic 

discs;  3.  The  "chopper";  4.  The  light  cell 
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the  filament  to  a  red  glow;  and  then  the  incoming  radio  signals  are 
put  right  through  the  battery,  and  lamp  to  variably  increase  the  glow 
of  the  lamp  to  photographic  values  corresponding  to  the  light  values 
of  the  different  parts  of  the  photograph  at  the  sending  station. 

These  lamp  filaments  are  very  delicate  and  fuses  must  be  used 
to  protect  them  against  current  surges.  No  such  delicate  fuses  are 
available,  so  far  as  we  know,  so  we  cut  them  ourselves.  I  fastened 
two  thin  razor  blades  side  by  side,  and  cut  through  thin  tin  foil  on  a 
smooth  lead  block.  We  thus  obtained  a  very  minute  lead  fuse  which 
was  picked  up  and  put  in  place  with  a  wet  match  stick. 

In  working  with  the  spark  as  a  light  source,  the  spark  plug  was 
put  directly  into  the  secondary  of  the  transformer,  the  primary  of 
which  was  in  the  plate  circuit  of  the  amplifying  tube.  We  then  added 
a  condenser  across  the  spark  plug  terminals.  Naturally  the  number 
of  sparks  per  second  depended  upon  the  break-down  strength  of  the 
incoming  signal,  and  because  the  density  of  exposure  on  the  photo- 
graphic plate  depended  upon  the  number  of  sparks  per  second, 
obviously  exposure  in  different  parts  of  the  plate  corresponded 
exactly,  but  in  reverse  order,  to  the  densities  of  the  various  parts  of 
the  picture  at  the  sending  station.  For  blacks  and  whites  and  straight 
C.W.  radio  it  is  a  most  excellent  scheme,  and  very  rugged  and 
dependable. 

As  for  synchronism,  that  is  no  problem  at  all  where  current  for 
all  the  stations  can  be  taken  from  the  same  A.C.  power  plant,  or  in 
Radio  Movies,  where  synchronism  is  maintained  by  hand.  But  over 
greater  distances,  synchronism  of  the  sending  and  receiving  stations  is 
maintained  by  controlling  the  motor  at  each  station  with  tuning 
forks,  the  fork  at  the  receiving  station  being  adjusted  to  the  period 
of  the  sending  station  fork.  Adjustment  is  easily  done  by  strobo- 
scope observation  of  the  rotation  of  the  receiving  station  motor, 
the  required  intermittent  illumination  being  timed  by  the  incoming 
signals  of  the  sending  station  fork. 

Both  hydrogen  filled  tungsten  lamps  and  neon  filled  glow  lamps 
are  successfully  employed  for  the  intermittent  illumination.  The 
tungsten  hydrogen  lamp  has  a  period  as  high  as  1000  per  second; 
the  neon  lamp  a  period  much  higher,  higher  than  any  means  at 
hand  would  measure,  but  believed  to  be  equal  to  commercial  radio 
frequencies. 

During  the  Washington-Philadelphia  tests  a  lack  of  dependa- 
bility in  the  synchronism  of  the  forks  was  noted.  They  would  stay 
together  for  an  hour  perhaps,  and  then  get  out  of  step  without  ap- 
parent cause,  necessitating  readjustment.  This  was  later  over- 
come by  making  the  incoming  fork  signals  control  the  period  of  the 
receiving  station  fork,  as  well  as  furnish  stroboscopic  illumination. 
This  was  entirely  successful,  and  without  mechanical  relays. 

It  might  be  noted  in  passing  that  a  very  rapid,  very  sensitive, 
and  very  simple  relay  was  developed  as  a  sort  of  by-product  of  these 
experiments,  the  essential  element  of  which  was  a  new  form  of  arma- 
ture, an  X-shaped  armature.  For  that  matter  there  has  been  quite  a 
residue  of  new  information  resulting  from  the  year's  work. 

There  will  be  no  regular  radio  news  picture  service  on  a  com- 
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mercial  scale  for  some  months  yet.  Steps  have  been  taken  looking 
to  the  establishment  of  close  co-operation  with  the  newspapers,  but 
this  is  not  to  be  interpreted  as  forecasting  the  immediate  institution 
of  commercial  service. 

When  photographs  were  sent  from  Washington  to  Philadelphia, 
it  was  to  stir  up  interest  and  encourage  assistance  in  the  improvement; 
of  apparatus  to  insure  its  practical  day  after  day  employment  in  the 
broadcasting  of  photographic  spot  news. 


Laboratory  Test  Set  for  Radio  Motion  Pictures 
and  Radio  Vision 

M  otion-Pictures-by-Radio 

Photographs-by-Radio  being  now  an  accomplished  fact,  and 
Motion-Pictures-by-Radio  differing  therefrom  only  in  speed,  the 
Radio-Motion-Picture  seems  now  only  a  matter  of  time. 

When  this  is  developed  folks  in  California,  in  Nebraska,  in 
Maine,  will  be  able  to  see  the  inaugural  ceremonies  of  their  President, 
in  Washington,  the  Army  and  Navy  football  games  at  Franklin 
Field,  in  Philadelphia,  or  both  see  and  hear  grand  opera  broadcasted 
from  anywhere. 

In  weighing  the  reasonable  probability  of  the  successful  solution 
of  Motion-Pictures-by-Radio,  it  should  be  borne  in  mind  that  as 
light  which  makes  up  our  picture  and  radio  which  carries  it  are  both 
practically  limitless  and  imponderable,  the  accomplishment  seems 
well  within  reasonable  expectation  of  early  realization. 

From  the  very  nature  of  the  invention,  it  would  seem  that  in 
the  homes  Motion-Pictures-by-Radio  would  ultimately  find  its 
greatest  usefulness,  for  not  only  would  motion  pictures  for  news  and 
for  entertainment  be  received,  but  music  as  well.  An  entire  opera 
might  thus  be  enjoyed  through  both  ear  and  eye,  as  all  the  family, 
old  and  young,  listens  in  and  looks  on  amid  the  comforts  of  their  own 
home. 
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Radio-Motion-Pictures  might  similarly  be  found  useful  in 
schools,  churches,  granges  and  clubs;  perhaps  even  the  theatre  may 
ultimately  be  changed  from  celluloid  to  radio. 

The  progress  of  a  great  battle  on  land  or  sea  could  be  watched 
from  the  offices  of  the  chiefs  of  staff,  in  Washington,  sent  in  by  re- 
transmission from  scout  planes  flying  overhead. 

It  seems  to  me,  therefore,  that  this  attainment,  which  now  seems 
so  near  realization,  should  develop  an  enormous  business,  for  the 
mystery  of  Motion-Pictures-by-Radio  will  be  even  more  attractive 
than  music  by  radio,  to  the  million  and  a  half  army  of  fans  who  play 
with  their  radio  sets  practically  every  evening,  plus  a  much  larger, 
new  group  of  radio-movie  fans. 

Physical  Property 

The  establishment  of  powerful  broadcasting  stations  in  the 
several  centers  of  probable  spot  news  should  dqubtless  be  the  first 
activity  undertaken,  for  there  are  abundant  opportunities  for  useful 
and  profitable  service  for  Radio-Pictures  for  newspapers,  theatres, 
daily  bulletin  sheets,  police  and  governmental  use. 

For  example,  wire  or  wireless  broadcasting  stations  should  be 
established  in  North  America  at  points  of  maximum  news  distribu- 
tion. At  these  stations  pictures  for  transmitting  would  be  received 
by  mail,  or  messenger,  or  by  short  range  radio  automobile  set  for 
relay  on  a  long  range  wave,  or  sent  in  through  the  telephone  nearest 
the  scene  of  the  news  happening. 

Assuming  six  broadcasting  stations,  between  the  Atlantic  and 
the  Pacific,  then  two  hours  A.M.  and  two  hours  P.M.  might  be 
assigned  each  station  during  which  news  would  be  initially  broad- 
casted, the  other  five  stations  acting  for  these  hours  as  relay  or 
retransmitting  stations,  which  latter  for  other  allocated  hours  would 
act  as  initial  stations. 

In  this  manner  the  whole  country  would  be  covered  with  broad- 
casted picture  news  simultaneously,  San  Francisco  getting  its  Boston 
news  pictures  at  the  same  moment  as  New  York,  Washington, 
Chicago,  and  all  other  intervening  cities. 

In  unusual  news,  like  the  tumbling  down  of  the  Capitol  building, 
the  collapse  of  the  Brooklyn  bridge,  or  the  dynamiting  of  Faneuil 
Hall,  for  example,  the  traffic  manager  would  stop  the  station  broad- 
casting at  the  time  and  direct  the  station  nearest  the  scene  of  this 
special  spot  news  to  broadcast  pictures  out  of  its  turn,  while  all  the 
other  stations  relayed  them  to  every  newspaper  the  country  over. 

Many  hundreds  of  comparatively  inexpensive  radio  cameras 
would  be  hooked  up  to  receiving  sets  all  over  the  country  wherever 
the  reception  of  news  pictures  might  be  desirable. 

All  receiving  stations  would  pick  up  all  the  news  transmitted  by 
all  the  broadcasting  stations,  giving  a  very  full  and  complete  service 
at  the  minimum  of  cost. 

It  will  not  be  the  purpose  of  the  broadcasting  stations  to  gather 
pictorial  news,  but  rather  to  act  as  a  carrier  agency  for  distributing 
pictures  handed  to  it  for  transmission,  a  service  comparable  to  the 
distribution  of  news  text  by  the  telephone  and  telegraph  companies. 
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That  is,  news  items  in  pictures  handed  in  at  the  nearest  sending 
station  will  be  broadcasted;  to  be  picked  up  by  all  subscribers  to 
such  Radio-Picture  service. 

Incidentally  it  might  be  mentioned  that  the  same  equipment 
will  transmit  titles  and  short  descriptions  for  the  Radio-Pictures, 
as  well  as  additional  news  items. 

From  the  very  nature  of  the  service  to  be  undertaken,  it  not 
only  seems  eminently  wise  but  almost  obligatory  that  the  parent 
corporation  retain  ownership  of  all  apparatus  and  instruments 
employed  in  all  picture  broadcasting  stations  and  all  receiving 
stations,  not  only  to  avoid  the  confusion  now  prevailing  in  audio- 
radio  broadcasting,  but  to  encourage  the  investment  necessary  to 
the  greatest  public  good  of  Radio-Pictures. 

All  manufacturing  facilities  necessary  for  equipping  such  stations 
should  be  under  the  control,  or  at  least  the  friendly  co-operation  of 
the  parent  corporation  in  order  that  standardization  of  apparatus 
may  result. 

In  the  very  beginning  of  the  business  of  furnishing  Radio- 
Picture-Service,  it  should  be  foreseen  that  there  will  be  developed 
many  varieties  of  auxiliary  and  related  apparatus  which  should  be 
controlled  by  the  corporation  to  prevent  limit  in  the  development  of 
equipment;  and — 

To  insure  the  highest  standard  of  service  and  equipment,  the 
control  of  all  important  patents,  present  and  future,  should  be  in 
the  hands  of  the  parent  corporation  and  for  no  less  advantage  to  the 
public  than  that  it  insures  standardized  apparatus  and  uniformly 
dependable  service.  That  is,  adequate  financial  provision  should  be 
made  not  only  for  operating  charges,  but  also  for  standardization 
of  apparatus,  as  well  as  depreciation  as  apparatus  becomes  obsolete 
during  the  early  period  of  operational  development. 
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DISCUSSION 

Mr.  Richardson:  This  photograph  is  projected  by  means  of 
lines.  What  is  the  reason  you  could  not  project  the  picture  as  a 
whole  and  get  the  same  results? 

Mr.  Jenkins:  The  only  reason  is  that  we  don't  know  how.  The 
point  is  that  the  picture  cannot  fall  on  the  cell  all  at  one  time  because 
if  it  does,  there  is  no  way  for  the  cell  to  pick  out  the  different  parts 
which  are  dense  and  those  which  are  light.  We  are  using  only  one 
cell,  and  if  it  is  covered  with  a  black  and  white  image,  how  is  it  going 
to  reproduce  it?    It  can't. 

Mr.  Richardson:  Why  couldn't  a  multitude  of  the  cells  be 
used? 

Mr.  Jenkins  :  It  can,  but  that  is  not  my  job.  In  fact,  that  is  the 
plan  proposed  in  the  article  published  in  1894.  We  have  given  it  as 
the  artist  does;  at  least,  we  have  copied  him.  We  take  a  small  line 
and  make  the  picture  from  it.  Don't  you  remember,  we  used  to  put 
a  nickel  under  a  paper  and  draw  lines  across  it  and  get  a  picture? 
Well,  that  is  exactly  what  we  do. 

Dr.  Kellner:  How  long  does  it  take  to  transmit  such  a  picture? 

Mr.  Jenkins:  I  think  about  three  minutes  when  we  were  in 
Philadelphia. 

Mr.  Richardson:  If  it  takes  three  minutes  to  tran&mit  one 
picture  how  is  it  possible  to  transmit  motion  pictures? 

Mr.  Jenkins:  By  means  of  the  apparatus  shown  here  (slide), 
as  a  laboratory  set  up,  we  are  able  to  cover  the  picture  in  one-sixteenth 
of  a  second  and  that  is  motion  picture  speed  and  also  radk  vision 
speed. 
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PHOTOGRAPHIC  RECORDING  AND  PHOTOELECTRIC 
REPRODUCTION  OF  SOUND* 

By  J.  Tykocinski-Tykociner 

SYNOPSIS 

The  principles  underlying  the  production  of  reproducible  sound  records  by 
means  of  photography  are  discussed  and  methods  of  investigation  of  the  adaptability 
of  luminous  discharges  in  gases  and  in  mercury  vapor  are  described.  Diagrams 
are  given  of  methods  to  modulate  various  forms  of  luminous  discharges  by  means  of 
sound  controlled  audio-  and  radio-frequency  currents.  Description  and  photographs 
are  included  illustrating  the  apparatus  developed  by  the  author  for  talking  motion 
pictures  and  for  testing  of  photographic  sound  records. 

PHOTOGRAPHIC  methods  of  recording  sound  have  been 
devised  and  used  since  years  for  study  of  acoustic  phenomena. 

Images  of  vibrating  manometric  flames  and  tracks  of  rays 
reflected  from  mirrors  attached  to  tuning  forks  and  membranes  are 
very  well  known  and  are  widely  used  as  helpful  means  of  obtaining 
graphical  records  of  vibrations.  But  the  art  of  producing  by  means 
of  photography  sound  records  which  will  reproduce  whenever  re- 
quired the  quality  and  volume  of  the  recorded  sounds  is  compara- 
tively new.  For  more  than  twenty  years  attempts  have  been  made 
to  solve  this  problem.  However,  efficient  methods  became  possible 
only  recently  through  the  application  of  knowledge  evolved  from 
discoveries  in  three  new  branches  of  applied  physics:  highfrequency 
electric  currents,  photoelectricity  and  thermionics.  Especially  the 
thermionic  amplifying  devices  make  it  possible  to  accomplish  the 
photographic  recording  as  well  as  the  reproduction  of  sound  for  such 
practical  purposes  of  talking  motion  pictures  and  broadcasting  of 
speech  and  music. 

At  the  present  stage  of  development  the  material  is  not  yet 
fully  available  for  an  historical  sketch  which  would  do  justice  to 
pioneers  and  inventors  who  have  contributed  to  the  new  art. 

The  present  paper  therefore  omits  historical  data  and  gives 
only  an  outline  of  those  of  my  investigations  and  experiments  which 
have  resulted  in  a  number  of  methods  of  recording  sound  on  a  photo- 
graphic film  and  of  reproducing  sound  simultaneously  with  motion 
pictures. 

The  leading  idea  in  the  recording  experiments  was  to  modulate 
a  source  of  photographically  active  radiations  by  means  of  tele- 
phonic currents  in  such  manner  that  the  actinic  rays  concentrated 

*  Abstract  of  a  lecture  held  on  June  9,  1922  before  the  Joint  Meeting  of 
Urbana  Section  of  the  American  Institute  of  Electrical  Engineers  and  the  Elec- 
trical Engineering  Society.  The  lecture  was  accompanied  by  experiments  and 
demonstration  of  the  apparatus.  All  illustrations,  with  the  exception  of  Figures 
11,  13,  16,  20,  and  29  were  shown  on  that  occasion. 
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upon  a  moving  photosensitive  film  shall  leave  after  development  of 
the  film  a  record  of  the  variations  of  light  intensity.  In  order  to 
obtain  true  records,  conditions  had  to  be  found  which  produce  de- 
posits having  an  opacity  strictly  proportional  to  the  amplitude  of 
the  modulating  currents.  Such  a  photographic  record  is  an  outcome 
of  the  actinic  properties  of  the  light  source  as  well  as  of  the  modulating 
system,  combined  with  the  characteristic  of  the  emulsion  of  the  film. 
Taking  the  photographic  characteristic  of  the  emulsion  as  given  by 
the  standard  cinema  films,  the  problem  is  reduced  to  the  proper 
selection  of  the  source  of  light  to  be  used  for  recording  and  to  the 
development  of  an  exact  method  of  modulating  the  intensity  of  the 
light  by  the  sound  to  be  recorded. 

During  the  first  stage  of  experimenting  mechanical  means  were 
used  for  the  modulation  of  a  constant  source  of  light.  So,  for  in- 
stance, vibrating  shutters  actuated  by  an  electromagnet,  connected 
with  a  telephone  transmitter,  were  made  to  intercept  light  emerging 
from  a  carbon  arc  on  its  way  to  the  recording  objective.  Another 
mechanical  arrangement  for  modulating  the  light  by  telephonic  cur- 
rents was  conceived  in  1918.  It  consists  of  an  oscillographic  ele- 
ment, the  natural  frequency  of  which  is  about  18000  per  second. 

Fig.  1  shows  diagrammatically  the  recording  system.  An  oscil- 
lating valve  a  is  supplying  radio-frequency  currents  to  the  element  b, 
which  vibrates  steadily  with  a  constant  amplitude  so  long  as  the 
microphone  c  is  not  actuated  by  sound.  The  amplitude  of  the  feeding 
oscillating  current  is  so  adjusted  that  the  deflections  of  a  ray  of  light 
from  a  source  d  are  about  6-8  times  larger  than  the  length  of  the  slit  e 
placed  before  the  photographic  film/.  The  slit  is  subjected  to  about 
20000  flashes  of  light  per  second.  As  the  film  moves  downwards 
with  a  velocity  of  0.4m  per  second  every  millimeter  of  filmlength  is 
subjected  to  an  exposure  of  50  flashes.  Under  these  conditions  a  band 
of  uniform  density  is  obtained  on  the  negative.  The  edges  of  the 
band  are,  however,  slightly  darker  than  the  center,  because  the  oscil- 
lating ray  pointer  passes  the  center  with  the  greatest  velocity. 
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Fig.  1.     Oscillographic  Method  of  Producing  Shaded  Sound  Records 
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If  however  the  microphone  c  is  actuated  by  sound,  telephonic 
currents  are  obtained  which  affect  the  oscillating  valve  a  by  means 
of  a  modulating  thermionic  device  g.  The  result  is  that  the  amplitude 
of  the  vibrating  element  does  not  remain  constant  but  varies  in 
accordance  with  the  amplitude  of  the  sound  waves.  The  record 
assumes  in  places,  corresponding  to  the  time  during  which  sound  was 
acting,  the  appearance  of  a  spectrum  like  band.  The  distance  be- 
tween the  lines  is  given  by  the  pitch  of  the  sound,  and  the  relative 
density  along  the  record  varies  with  the  volume  of  the  sound  waves. 
The  relation  between  the  density  of  the  deposit  and  the  amplitude  of 
the  sound  must  be  linear,  because  for  uniform  motion  of  the  film  the 
exposure  at  every  moment  is  proportional  to  the  velocity  of  the 
oscillating  light  pointer,  and  this  velocity  is  proportional  to  the 
amplitude  of  the  vibrating  element.  The  negative  of  the  record  h 
will  therefore  show  increasing  density  with  decreasing  amplitude 
and  vice  versa. 

Considering  the  limitations  which  are  imposed  upon  every 
mechanical  system  of  recording  by  the  inherent  inertia  of  even  the 
lightest  vibrating  elements  and  by  its  sensitivity  to  mechanical  dis- 
turbances of  the  driving  mechanism,  it  was  obvious  that  progress 
could  be  expected  only  by  systematically  discarding  every  mechanical 
member  in  the  chain  of  manifold  transformations  from  the  available 
sound  wave  energy  to  the  final  silver  deposits  on  the  film.  It  should 
also  be  taken  into  account  that  intermittent  running  parts  are  usually 
employed  in  the  standard  cinema  camera. 

The  use  of  incandescent  metallic  filaments  was  tried,  but  due  to 
the  thermal  capacity  of  the  heated  filament,  there  is  always  a  lag 
between  the  intensity  of  light  emitted  by  the  filament  and  the 
additional  audiofrequency  currents  designated  to  modulate  the 
light.    The  distortion  cannot  be  entirely  overcome. 

The  conditions  become  much  more  favorable  when  discharges 
of  electricity  through  gases  are  used  as  the  source  of  the  actinic  radia- 
tions to  be  modulated.  The  intensity  of  light  emitted  from  such 
sources  can  be  made  to  follow  readily  all  the  variations  of  currents, 
exciting  the  particular  kind  of  radiations  required  for  photographic 
recording.  For  audible  frequencies  conditions  can  be  established 
for  which  there  is  practically  no  distortion  detectable  by  records 
obtained. 

Radio  Engineers  have  often  used  vacuum  tubes  as  indicators  of 
resonance  in  high  frequency  circuits,  and  by  means  of  rotating  neon 
tubes  the  character  of  the  discharge  was  studied.  It  was  during  a 
test  of  a  transmitter  in  the  early  days  of  radiotelephony  that  the 
idea  occurred  to  me  of  recording  sound  by  means  of  electric  dis- 
charges controlled  by  modulated  radiofrequency  currents. 

The  following  diagrams  can  serve  as  examples  to  illustrate  the 
experiments  performed. 

Fig.  2  represents  the  method  by  which  the  intensity  of  radiation 
of  gas  filled  vacuum  tubes  can  be  controlled  by  sound.  The  source 
of  light  is  in  this  case  a  vacuum  tube  a  connected  in  series  with  a 
thermionic  tube  b  and  a  source  of  electric  energy  c.  The  controlling 
member  of  the  thermionic  tube  is  connected  by  means  of  a  transformer 
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Fig.  2.     Modulation  of  the  Light  Emitted  by  a  Geisler  Tube  by 
Means  of  Telephone  Currents 

d  with  a  telephone  transmitter  (for  instance  a  microphone  e)  and  its 
battery  /.  The  impedance  of  the  glowing  vacuum  tube  a  and  of 
the  thermionic  tube  b  are  chosen  to  be  of  the  same  order  of  magnitude 
so  that  the  combination  of  both  devices  can  be  used  for  their  efficient 
operation.  When  sound  waves  are  impinging  the  microphone  e, 
variations  of  currents  are  produced  which  induce  variations  of 
potential  on  the  grid  g  and  thus  change  the  plate  current  of  the 
thermionic  tube  b.  As  the  same  varying  current  passes  the  glowing 
tube  a,  fluctuations  of  the  radiated  visible  and  invisible  light  will 
take  place  in  agreement  with  the  amplitude  and  frequency  of  con- 
trolling sound. 

Fig.  3  shows  the  way  of  using  the  glowing  vacuum  tube  a  in 
parallel  with  a  thermionic  tube.  Id  this  case  a  reactance  h  is  inserted 
in  series  with  the  electric  source  c  in  order  to  prevent  audiofrequency 
variations  of  the  current  in  the  main  circuit.  Figs.  4  and  5  indicate 
methods  of  connections  to  be  made  when  the  glowing  vacuum  tube 
and  the  thermionic  tube  possess  markedly  different  magnitudes  of 


Fig.  3.     Modulation  of  Light  by  an  Amplifier  in  Parallel  with  a 
Geisler  Tube 
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impedances.  The  glowing  tube  is  then  preferably  connected  induc- 
tively with  a  thermionic  tube  by  means  of  a  transformer  i.  In  Fig.  5, 
h  is  a  choking  coil  preventing  variations  of  currents  from  passing  to 
the  source  c,  and  j  is  a  condenser  preventing  the  source  to  be  short 
circuited  by  the  transformer  i. 

The  arrangement  shown  in  Figs.  4  and  5  can  be  advantageously 
applied,  when  as  a  source  of  photographically  active  radiations  a,  a 


Fig.  4.     Modulated  Source  of  Light  Inductively  Connected  with 
an  Amplifier 
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Fig.  5.    Source  of  Light  Inductively  Connected  with  a  Modulating  Amplifier 


Fig.  6. 


Glowing  Discharge  Tube  Combined  with  Thermionic  to 
Form  Light  Modulator  Device 
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mercury  vapour  lamp  or  any  other  vapour  arc  or  arc  between  carbons, 
magnetite,  tungsten  or  other  electrodes  are  used.  The  mercury 
vapour  arc  has  proved  to  be  very  effective  because  of  its  chemically 
active  short  wave  emission.  As  the  arcs  require  larger  currents  and 
lower  voltages,  the  only  change  to  be  made  in  the  arrangement  de- 
scribed above  is  to  use  a  step  down  transformer  i,  so  that  the  fluc- 
tuating additional  current  in  the  arc  induced  by  the  action  of  the 
transmitter  e,  and  amplified  by  the  thermionic  device  b,  shall  not  be 
too  small  in  comparison  with  the  normal  current  feeding  the  arc. 
Satisfactory  records  are  obtained  if  the  ratio  is  1:8  to  1:3. 

Fig.  6  indicates  how  a  glowing  vacuum  tube  and  a  thermionic 
tube  can  be  combined  to  form  one  device  serving  both  purposes:  as 
a  source  of  photographically  active  radiations  and  as  means  of  con- 
trolling the  same  by  sound.  The  tube  v  is  not  exhausted  to  extreme 
vacuum  but  contains  remnants  of  gases  sufficient  in  quantity  to 
produce  ionization.  By  the  bombardment  of  electrons  moving  from 
the  heated  cathodes  towards  the  anode  the  gas  in  the  tube  is  emitting 
radiations  over  a  region  of  waves  from  blue  to  ultraviolet.  By  regulat- 
ing the  plate  current  supplied  by  the  battery  c,  the  heating  current 
and  the  grid  current,  a  narrow  layer  of  visible  light  is  extended  over 
the  grid  which  directly  or  by  means  of  lenses  can  be  concentrated 
upon  a  moving  film.  The  thickness  of  the  luminous  layer  and  its 
intensity  are  varied  by  the  currents  induced  in  the  grid  circuit  d 
when  the  transmitter  e  is  actuated  by  speech. 
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Fig.  7.     Fluorescent  Vacuum  Tube  Combined  with  Thermionic 
Device  as  Light  Modulator 
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Id  Fig.  7,  v  is  a  highly  exhausted  tube  with  a  hot  cathode  c, 
grid  g,  and  a  cylindrical  anode  a,  cut  alongside  to  form  a  slit.  The 
inside  surface  of  the  anode  is  covered  with  a  fluorescent  substance. 
Electrons  coming  from  the  cathode  under  the  influence  of  the  electric 
field  created  by  the  battery  b,  impinge  upon  the  inner  surface  of  the 
anode  and  give  rise  to  luminescence  of  the  surface.  The  intensity 
of  light  viewed  through  the  slot  s,  will  fluctuate  with  the  intensity  of 
the  plate  current  controlled  by  the  transmitter  t. 

In  many  cases,  especially  when  the  source  of  light  requires  an 
amount  of  controlling  current  larger  than  0.5  amperes,  multiple 
amplification  will  be  required  to  obtain  good  records.  To  obviate 
this  inconvenience  I  have  developed  a  method  based  on  the  idea  of 
utilizing  modulated  radiofrequency  currents  in  connection  with 
various  sources  of  light. 


Fig.  8.     Radiofrequency  Currents  Modulated  by  Telephone  Currents 
and  Superposed  in  the  Circuit  Containing  a  Source  of  Light 

Figs.  8  to  9  serve  to  explain  the  principle.  In  Fig.  8  the  source 
of  light  a  is  supplied  with  current  from  two  sources:  from  a  direct 
current  source  b  and  from  a  radiofrequency  source  r,  directly  or 
through  a  coupling  transformer  c.  For  instance,  an  arc  oscillator  or 
a  thermionic  device  as  used  for  continuous  wave  generation  and  fed 
from  a  direct  current  battery  or  dynamo  d,  may  be  used  as  radio- 
frequenc}^  source.  While  the  direct  current  through  the  arc  remains 
constant,  the  radiofrequency  current  through  the  arc  varies  by  means 
of  a  modulator  m,  consisting  of  any  known  modulating  device  used 
for  radiotelephony,  as  for  instance  a  magnetic  or  thermionic  modu- 
lator, coupled  with  the  telephone  transmitter  t  by  a  modulating 
transformer  n. 

Fig.  9  represents  graphically  the  current  variations  taking  place 
in  every  part  of  the  arrangement  in  Fig.  8.  When  the  transmitter  t,  is 
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not  actuated  by  sound  and  the  eircuit  of  the  radiofrequency  generator 
is  open,  the  current  in  the  arc  and  also  the  intensity  of  the  emitte  d 
light  is  constant,  as  indicated  by  the  line  A.  As  soon  as  the  radio- 
frequency  generator  starts  to  work  a  high  frequency  current  of 
20,000-1,000,000  cycles  per  second  and  of  constant  amplitude  is 
superposed  upon  the  direct  current  passing  the  arc,  and  the  intensity 
of  its  light  varies  as  shown  by  the  curve  B.  These  variations  are 
however  of  such  rapidity  that  for  the  normal  speeds  of  the  moving 
film  record  no  changes  in  the  photographic  density  of  the  record  will 


Fig.  9.     Diagram  Explaining  Recording  of  Sound  by  Application 
of  Radiofrequency  Currents 

be  perceived.  But  when  the  transmitter  t  is  affected  by  sound, 
current  variations  represented  by  the  curve  C  will  be  induced  in  the 
modulator  m,  and  this  in  turn  will  cause  variations  of  the  amplitude 
of  the  radiofrequency  current  generated  by  the  source  r,  as  visualized 
by  curve  D.  The  result  will  be  that  the  current  through  the  arc,  and 
correspondingly  the  intensity  of  photographically  active  light,  will 
vary  according  to  a  similar  curve.  The  trace,  visible  after  the  nega- 
tive film  is  developed,  will  show  uniformly  shaded  densities  along  the 
film  as  indicated  by  the  records  upon  the  film  cutting. 
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Any  system  of  radiotelephonic  transmitters  can  be  used  for  the 
purpose,  if  the  antenna  is  replaced  by  a  properly  connected  source  of 
photographically  active  radiations.  Fig.  10  shows  as  an  example 
the  constant  current  system  of  modulating  radiofrequency  currents 
applied  in  connection  with  a  mercury  arc. 

Both  the  modulating  thermionic  tube  33,  and  the  oscillating 
tube  34  are  fed  from  a  source  35,  through  a  switch  36,  filtering  cir- 
cuit 37,  and  choking  coil  38.  The  oscillating  circuit  consists  of  a  coil 
of  proper  inductance  39,  and  condensers  40  and  41.  A  fraction  of  the 
radiofrequency  energy  is  fed  back  to  the  oscillating  tube  34  by  means 
of  the  condenser,  41,  42.  A  high  resistance  44  allows  accumulated 
charges  from  the  grid  to  be  conducted  to  the  filament.  To  prevent 
radiofrequency  currents  from  penetrating  the  modulator,  a  choking 
coil  47  is  inserted  in  the  plate  current  lead.  A  double  throw  switch 
48  serves  to  insert  either  the  mercury  lamp  21  or  an  equivalent  resis- 
tance 49  in  the  oscillating  circuit  39,  40,  41.  The  mercury  arc  21  is 
fed  from  a  direct  current  source  25  through  a  switch  26,  regulating 
rheostat  30,  ballast  choking  coil  31,  and  radio  choking  coil  29. 
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Fig.  10.     Modulation  of  Mercury  Vapor  Arc  Light  by  Means  of  Radio- 
frequency  Currents  and  its  Application  for  Recording  Sound  on 
a  Cinema  Film 
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The  direct  current  source  25,  as  shown  in  Figs.  8  and  10,  is  used 
chiefly  to  economize  radiofrequency  energy  and  also  to  operate  the 
discharge  tubes  or  arcs  at  such  current  densities,  for  which  a  nearly 
linear  relation  exists  between  the  current  and  the  intensity  of  the 
emitted  photographically  active  radiations.  If,  however,  a  sufficient 
amount  of  radiofrequency  energy  can  be  cheaply  provided  for  the 
apparatus,  the  direct  current  source  may  be  disposed  of  altogether. 
The  only  condition  to  be  fulfilled  for  obtaining  good  records  is  to 
take  account  of  the  distortion  caused  by  the  influence  of  cathodic  and 
anodic  fall  of  potential  at  the  moments  the  current  is  reversed  in  the 
arc  or  discharge  tube.  By  choosing  for  the  feeding  radiofrequency 
currents  a  proper  coefficient  of  modulation  this  difficulty  is  easily 
overcome. 

Fig.  10  illustrates  also  how  a  sound  record  is  produced  simul- 
taneously with  motion  pictures.  The  strip  of  film  is  sent  with  con- 
stant speed  through  the  camera  past  the  loop  23  and  by  an  inter- 
mittent motion  past  the  objective  lens"  13  which  provides  the  images 
to  be  photographed.  A  small  part  of  the  film  along  the  margin, 
as  indicated  at  17,  is  shielded  from  the  rays  passing  through  the 
objective  lens  13,  and  this  strip  is  reserved  to  a  record  of  the  sound. 
A  sound  recording  objective  18  concentrates  the  light  passing  through 
the  slit  19  in  the  screen  20  from  the  mercury  vapour  lamp  21  upon  this 
portion  17  of  the  film  microscopic  lines  22  of  varying  intensity.  These 
microscopic  shaded  lines  become  visible  after  development  of  the  film 
and  represent  a  record  of  successive  variations  in  luminosity  of  the 
lamp  21.  The  distance  between  the  lines  varies  with  the  pitch  of  the 
recorded  sound,  while  the  contrasting  shades  represent  the  variations 
of  sound  amplitude. 

The  following  diagram,  Fig.  11,  indicates  the  process  of  recording 
and  reproducing  sound  in  all  its  principal  stages  for  the  simple  case 
when  audiofrequency  currents  are  used  to  modulate  the  light  source. 

Every  one  of  the  curves  enumerated  from  1  to  9  represents  a 
transformation  of  energy  from  one  form  into  another.  This  is  done 
by  many  converters,  each  having  its  characteristic  defining  the 
relation  between  the  subsequent  stages.  For  the  sake  of  simplicity, 
however,  only  the  characteristic  of  three  most  vital  stages  are 
indicated  in  the  diagram,  namely  A)  the  characteristic  of  the  source 
of  radiation,  B)  that  of  the  photographic  emulsion  and  C)  the  char- 
acteristic of  the  photoelectric  device.  The  first  gives  the  intensity 
of  the  exciting  current,  the  second  indicates  the  density  of  the 
photographic  deposit  in  relation  to  the  intensity  of  the  acting  radia- 
tion and  the  third  defines  the  intensity  of  photoelectric  current  as  a 
function  of  the  amount  of  light  transmitted  into  the  cell.  It  is 
obvious  that  true  records  of  sound  can  be  obtained  only  when  the 
straight  line  part  of  the  characteristic  of  the  light  source  is  utilized 
for  the  process  of  recording. 

As  mentioned  in  the  introduction  it  is  not  sufficient  to  obtain 
a  true  record.  The  practical  application  of  the  record  requires  that 
it  should  allow  the  reproduction  of  sound  similar  to  that  represented 
by  the  record.  A  number  of  methods  can  be  used  for  the  reproduction 
of  sound  from  photographic  records.    All  of  them  have  in  common  the 
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principle  that  the  intensity  of  a  source  of  light  is  modulated  by  the 
varying  opacity  of  the  photographic  record  and  that  variations  of 
light  intensity  thus  obtained  are  transformed  into  telephonic  current 
by  means  of  some  kind  of  photosensitive  electric  device.  There 
obviously  exists  a  close  analogy  between  the  process  of  recording  and 
that  of  reproducing  sound.  While  the  former  consists  in  modulating  a 
source  of  light  by  telephonic  currents  in  order  to  obtain  photographic 
deposits  of  varying  density,  the  latter  requires  the  modulation  of 
light  to  be  affected  by  the  varying  transparency  of  the  photographic 
record  for  the  purpose  of  transforming  variations  of  light  into  varia- 
tions of  electric  current. 

Exact  reproduction  of  sound  can  be  accomplished  only  under 
definite  conditions  controlling  the  conversion  of  variation  of  light 
into  electric  current.  The  most  essential  of  these  conditions  is  given 
by  the  requirement  of  a  strict  proportionality  between  the  intensity 
of  light  exciting  the  photoelectric  device  and  the  current  obtained  by 
the  action  of  light.  The  only  device  known  that  possesses  this 
quality  is  the  photoelectric  cell. 

It  is  a  device  which,  if  impinged  upon  by  light,  gives  off  electrons 
from  its  sensitive  surface  of  alkali  metal.  The  number  of  electrons 
thus  expelled,  and  consequently  the  intensity  of  the  photoelectric 
current  produced  by  the  light,  is  strictly  proportional  to  the  intensity 
of  the  acting  radiation  entering  the  cell.  This  most  important  fact  is 
illustrated  in  the  diagram  by  the  straight  line  characteristic  of  the 
cell,  which  enables  an  exact  reproduction  of  sound  from  a  photo- 
graphic sound  record. 

The  following  stages  of  energy  transformation  are  thus  involved : 

I.  Recording  of  sound. 

1)  Organs  of  speech  produce  variations  of  air  pressure. 

2)  Energy  of  sound  waves  is  transformed  by  means  of  trans- 
mitters into  energy  of  electric  currents  of  telephonic  frequency. 

3)  After  proper  amplification  these  electric  currents  are  trans- 
formed into  variations  of  the  amount  of  actinic  radiation  emitted 
from  a  source  of  light. 

4)  Radiations  from  the  light  source  are  absorbed  by  the  photo- 
graphic emulsion,  which  becomes  developable. 

5)  Formation  of  silver  deposits  in  the  emulsion  of  the  negative 
film. 

6)  Production  of  a  positive  copy. 

II.  Reproduction  of  sound. 

7)  Light  transmitted  through  the  record  is  absorbed  by  the 
Photoelectric  cell,  producing  photoelectric  currents. 

8)  Photoelectric  currents  are  amplified  and  supplied  to  loud 
speaking  telephones. 

9)  Electric  currents  acting  in  the  loud  speaker  are  transformed 
into  mechanical  vibrations  and  sound  energy. 

Of  the  three  characteristics  forming  the  basis  for  the  production  of 
reproducible  sound  records,  two  are  fairly  well  investigated;  however 
very  little  is  known  about  the  one  concerning  various  sources  of  light 
emitted  by  electric  discharges. 

The  field  which  had  to  be  investigated  in  order  to  find  out  suitable 
conditions  for  different  forms  of  electric  discharges  emitting  actinic 
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rays  was  so  vast  that  a  method  had  to  be  sought  for  which  would 
allow  to  test  the  source  of  light  by  a  set  of  simple  measurements. 

The  usual  photometric  methods  of  investigation  cannot  give  an 
approximate  estimate  of  the  fitness  of  a  given  visible  discharge  for 
sound  recording  purposes.  The  reason  is  that  only  that  particular 
part  of  the  spectral  radiation  of  a  given  source  can  be  utilized  for 
recording,  which  is  actinic  and  makes  the  silver  halides  of  the  photo- 
graphic emulsions  developable.  The  sensitivity  of  emulsions  of 
standard  cinema  films  for  radiations  of  different  wave  lengths  does  not 
correspond  to  the  sensitivity  of  the  eye.  The  colorsensitivity  of  the 
eye  is  represented  by  a  peaked  curve  with  a  maximum  for  yellow 
green  (A  =  5500)  light  while  the  maximum  sensitivity  of  a  negative 
cinema  film  lies  in  the  region  of  blue  light  (A  =  4200). 

The  photoelectric  alkali  cells  offer  the  possibility  of  solving  the 
problem  of  testing  sources  of  light  from  the  point  of  view  of  their 
fitness  for  recording  purposes.  A  study  of  the  color  sensitivity  of 
photoelectric  cells,  the  sensitive  surface  of  which  is  made  of  different 
alkali  metals,  shows  that  the  sodium  and  potassium  cells  come 
sufficiently  close  to  the  colorsensitivity  of  the  standard  cinema 
emulsion. 
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Fig.  12.     Method  of  Investigating  Actinic  Radiations  Emitted  by 
Electric  Discharges  through  Gases 

By  combining  two  cells  (a,  b,  Fig.  12)  possessing  cathodes  of 
different  metals  and  adjusting  for  each  the  proper  potential,  or  the 
proper  ratio  of  their  distances  d',  d",  from  the  investigated  light 
source  c,  arrangements  are  obtained  adaptable  to  the  establishment 
of  a  variety  of  colorsensitivity  very  close  to  the  photographic  emul- 
sions used  for  recording. 

Fig.  13  shows  how  the  colorsensitivity  of  the  negative  cinema 
film  can  be  photoelectrically  reproduced  by  a  combination  of  a 
sodium  and  potassium  cell.  The  curves  (K  and  Na)  are  drawn  for 
the  case  when  the  distances  for  the  Na  and  K  cell  from  the  source  are 
chosen  so  that  each  separately  produces  equal  maximum  galvanom- 
eter deflection  for  the  optimum  wave  length.  The  average  sensi- 
tivity of  both  cells  for  a  particular  wave  length  corresponds  nearly  to 
the  colorsensitivity  of  the  emulsion. 
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For  rough  estimates  sufficiently  accurate  results  are  obtained  with 
a  potassium  cell  alone.  The  procedure  of  the  testing  is  the  following. 
The  photoelectric  cell  is  brought  to  a  convenient  distance  from  the 
source  c  (Fig.  12)  so  that,  when  illuminated  by  the  radiations  emitted, 
sufficiently  large  deflections  of  the  galvanometer  g  are  obtained. 
The  current  exciting  the  light  source  is  varied  and  the  galvanometer 
deflection  observed  for  different  intensities  of  currents.  If  the  curve 
plotted  from  these  data  shows  a  straight  line,  extending  over  a 
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Fig.  13.    Relative  Colorsensitiveness  of  Photoelectric  Cells  and  of 
Negative  Cinema  Emulsion 

sufficiently  wide  range  of  current  variations,  it  may  be  concluded  that 
good  records  can  be  obtained  within  this  particular  range.  If  for  the 
recording  an  objective  or  a  filter  is  applied  the  same  optical  system 
must  be  used  during  the  test. 

An  example  of  the  characteristic  of  an  arc  discharge  in  mercury 
vapor  obtained  by  the  method  described  above  is  given  in  Fig.  14. 
As  soon  as  the  lamp  assumes  stationary  conditions  of  temperature, 
the  current  through   the  arc  and   the  corresponding  photoelectric 
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Fig.  14.    Mercury  Vapor  Arc  Light  Acting  on  Potassium  Photoslectric 
Cell.    Relation  between  Arc  Current  and  Photoelectric  Current 


phaio- 
ej.ect.rlc 
Current 
3 a Ivan o met 
Deflection 

130 
160 

140 

120 

too 
so 

60 
40 


Arc  Length  21cm.-. Curve'  A 

14.5em.  ---Curve  B 


0     20    40    60    80    100   120   140   loO   180   200   watts 

Fig.  15.    Mercury  Vapor  Arc  Light  Acting  on  Potassium  Photoelectric 
Cell.    Relation  between  Power  Supply  and  Photoelectric  Current 
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current  are  observed.  The  current  is  then  increased  by  a  regulating- 
rheostat  for  a  short  period  of  time  sufficient  to  make  next  readings, 
then  the  former  conditions  are  reestablished  and  the  next  point  of  the 
characteristic  determined,  and  so  on.  In  this  way  the  measurements 
may  be  made  with  constant  voltage  at  the  arc. 

Mercury  vapor  arc  lamps  giving  good  records  show  straight 
line  characteristics  even  when  the  temperature  and  with  it  the  vapor 
pressure  is  continuously  rising  during  the  time  of  test.  In  this  case 
however  the  voltage  varies  with  the  current  and  therefore  the  energy 
input  (IxV)  must  be  chosen  for  the  abscissae. 

Fig.  15  illustrates  the  fact  that  the  characteristic  remains 
linear  when  the  input  is  increased  from  40  to  200  watts  with  an  arc 
voltage  gradually  rising  from  22  volts  at  the  beginning  of  the  experi- 
ment to  47  volts  at  the  end.  If,  instead  of  increasing  the  direct 
current  feeding  the  arc,  alternating  current  is  superposed,  the  char- 
acteristic remains  a  straight  line.  Experiments  were  carried  out  with 
low  (60  cycles)  audio  (1500-3000  cycles)  and  radiofrequencies 
(100000-1000000  cycles)  with  the  same  result.  The  intensity  of 
actinic  radiations  emitted  by  the  recording  mercury  vapor  lamp  is 
proportional  to  the  energy  supply.  For  instance,  with  an  input  of 
55  watts  and  the  potassium  photoelectric  cell  placed  at  a  distance  of 
17cm  from  the  mercury  lamp,  the  photoelectric  current  increased  at 
a  rate  of  1,9X10~8  amperes  with  every  additional  watt  of  energy 
supply  to  the  arc,  whether  in  form  of  direct  current  or  superposed 
radiofrequency  current. 

The  value  of  a  light  source  for  recording  purposes  is,  however, 
determined  not  only  by  the  range  of  the  straight  line  characteristic 
but  also  by  the  relative  brightness  of  the  source  and  by  the  require- 
ment that  it  respond  without  noticeable  lag  to  the  highest  audible 
frequency. 

The  lower  limit  for  the  brightness  is  given  by  the  photographic 
inertia  of  the  emulsion  used  on  the  film  and  by  the  speed  with  which 
the  film  is  moving  during  the  recording.  As  seen  from  the  char- 
acteristic of  the  emulsion,  exact  records  can  be  obtained  only  when 
the  exposure  can  be  chosen  sufficiently  large  to  overcome  the  inertia 
and  when  the  variations  of  exposure  fall  within  the  straight  part  of 
the  film  characteristic.  It  is  therefore  essential  that  the  initial 
current  sustaining  the  discharge  can  be  adjusted  so  as  to  give  to  the 
source  a  larger  brightness  than  required  to  overcome  the  inertia  of 
the  emulsion.  However  with  the  brightness  of  the  source  too  large, 
the  record  may  become  too  dense. 

Whether  the  particular  form  of  discharge  responds  to  the  highest 
audible  frequency  can  be  tested  by  observing  the  luminous  effect  in 
a  rotating  mirror  in  which  a  narrow  slit  illuminated  by  the  source 
appears  to  the  eye  as  a  uniform  band.  By  superposing  audiofre- 
quency currents  in  addition  to  the  current  sustaining  the  discharge, 
the  band  becomes  shaded.  The  distance  between  two  dark  or  two 
light  lines  is  determined  by  the  frequency  and  the  angular  velocity 
of  the  mirror.  The  intensity  of  the  superposed  alternating  current  is 
then  decreased  until  the  shades  on  the  band  can  be  just  distinguished. 
This  additional  a.c.  energy  which  must  be  supplied  can  thus  serve 
as  a  measure  for  the  sensitivity  of  the  arrangement.    With  the  mer- 
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cury  arc  used  for  recording,  it  was  sufficient  to  superpose  less  than 
0.05  watt  of  1000  cycles  alternating;  current  to  obtain  in  the  mirror 
a  clearly  visible  band.  The  limit  of  band  visibility  was  reached  with 
about  0,016  watts. 

The  possible  existence  of  distortions  was  studied  in  the  following 
way.  Fig.  16.  A  photoelectric  cell  P,  preferably  a  high  vacuum 
cell,  together  with  a  thermionic  amplifier  A  is  put  in  a  metal  box 
B  so  as  to  completely  shield  the  photoelectric  circuits  from  induction 
of  the  transmitter  circuit  F  which  supplies  the  radiofrequency 
currents,  to  be  superposed  over  the  current  sustaining  the  radiating 
discharge  tube  v.  By  speaking  into  a  telephone  transmitter  T 
variations  of  the  brightness  of  the  tube  are  produced,  which  affect 
the  photoelectric  cell  through  a  window  in  the  shielding  box  placed 
in  a  convenient  distance  from  the  source  of  light.  A  pair  of  shielded 
leads  w  connects  the  amplifier  with  the  telephone  receiver  which 
is,  together  with  a  radioreceiving  set  h  and  its  loop  L,  placed  in 
another  room.  In  this  way  the  sound  corresponding  to  the  modulated 
radiofrequency  current  and  heard  with  the  receiver  Hi,  can  be 
compared  with  the  sounds  produced  by  variations  of  light  emitted 
by  the  discharge  and  modulated  by  the  same  radiofrequency  currents. 


Ht  Hi 

Fig.  16.     Arrangement  for  Comparing  the  Sensitiveness  of  Photoelectric 

Devices  and  for  Testing  the  Accuracy  of  Modulation 

of  Light  Sources 

Any  distortion  is  at  once  noticed  by  the  ear  at  the  receiver  H2. 
Once  proper  conditions  are  found  for  modulating  a  particular  source 
of  light,  the  same  method  may  be  applied  directly  for  testing  photo- 
electric devices  for  sensitivity  and  exactness  of  reproduction.  Much 
time  and  photographic  material  can  be  saved  by  applying  tests  of 
this  kind,  because  it  obviates  the  necessity  of  producing  and  repro- 
ducing a  great  number  of  records,  requiring  special  apparatus  for 
every  kind  of  light  source. 

It  was  interesting,  however,  to  obtain  direct  proof  for  the  assump- 
tion that  for  a  straight  line  characteristic  of  the  source  the  photo- 
graphic action  is  also  proportional  to  the  current  exciting  the  source. 
Two  experiments  were  performed  which  cannot  claim  scientific 
accuracy,  but  the  evidence  obtained  is  sufficiently  convincing  for 
practical  purposes.  In  the  first  experiment  the  film  in  the  cinema 
camera  was  exposed  by  direct  illumination  from  the  mercury  vapor 
arc  while  the  mechanism  was  driven  with  a  slow  but  constant  speed 
corresponding  to  a  time  of  exposure  of  one  second  for  each  picture. 
The  arc  current  was  varied  from  picture  to  picture.  After  the 
negative  was  developed  the  transmission  (density)  of  every  picture 
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was  measured  by  a  photoelectric  cell.  The  deflections  of  the  gal- 
vanometer plotted  against  the  corresponding  arc  current  gave  a 
straight  line  relation.  The  second  experiment  was  made  to  obviate 
the  use  of  the  photoelectric  cell  as  indicator.  It  is  based  on  a  method 
applied  in  astrophysic  for  the  determination  of  the  brightness  of 
stars.  The  sound  recording  camera  with  its  objective  was  used  to 
project  upon  the  film  the  image  of  a  small  hole  (0,  15mm)  illuminated 
by  the  mercury  arc.  The  hole  thus  represents  an  artificial  star. 
By  means  of  a  shutter  the  time  of  exposure  could  be  made  exactly 
the  same  for  every  picture  taken.  As  in  the  former  experiment 
the  current  through  the  arc  was  made  to  vary  from  picture 
to  picture.  After  development  the  diameters  of  the  discs  were 
measured  with  a  microscope.  When  these  magnitudes  were  plotted 
against  the  values  of  the  arc  current  a  straight  line  was  again 
obtained,  thus  proving  that  the  brightness  of  the  recording- 
mercury  vapor  arc  lamp  is  a  linear  function  of  the  supply  current. 


Fig.  17.     Frontview  of  Phonactinion-Apparatus  for  Producing 
Talking  Motion  Pictures 

It  is  customary  to  give  names  to  new  apparatus  characterizing 
the  principle  of  their  working.  I  have  chosen  the  name  ACTINION 
for  that  part  of  my  arrangement  which  is  designated  to  produce 
variations  of  actinic  radiations,  because  in  the  above  described 
method  chemically  active  radiations  are  modulated  by  ionic  means. 
If  however  the  variations  are  caused  by  sound  actuated  converters 
as  in  the  case  of  the  sound  recording  camera,  the  name  PHONO- 
ACTINION  expresses  the  principle  involved.  On  the  other  hand 
for  the  apparatus  reproducing  sound  synchronously  with  motion 
pictures  the  name  ACTINOPHONE  seems  to  me  to  be  suitable. 

The  arrangement  of  the  actual  apparatus  constructed  for 
recording  sound  synchronously  with  motion  pictures  is  shown  by 
Figs.  17  and  18.  The  first  figure  shows  the  apparatus  in  position  ready 
for  work,  the  other  with  the  lids  open  giving  an  insight  of  the  parts. 
The  leading  idea  underlying  the  construction  was  to  use  standard  parts 
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Fig.  18.     Sideview  of  a  Phonactinion-Apparatus  for  Producing 
Talking  Motion  Pictures 

and  to  obviate  any  alteration  whatever  of  the  motion  picture  camera. 
A  standard  motion  picture  camera  (Bell  &  Howell)  is  used  for 
taking  pictures.  This  camera  carries  on  its  top  the  sound  recording 
camera.  It  is  supplied  with  a  sound  recording  objective  pointing 
towards  the  slit  of  a  mercury  lamp.  A  gate  is  fixed  to  the  back  wall 
to  keep  the  film  in  position.     Two  pairs  of  slits  allow  the  film,  to 


Fig.  19.    Two-Electrode  Mercury  Vapor  Lamp  Constructed  for  Sound  Recording 
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pass  from  the  magazine  through  the  sound  recording  camera  to  the 
motion  picture  camera  and  back  to  the  magazine.  The  lid  has  a 
window  with  a  reflecting  prism  behind  it,  facilitating  the  focusing 
of  the  mercury  slit  upon  the  film.  A  rod  extending  from  the  front 
wall  beneath  the  objective  serves  as  a  support  for  the  light  source. 
The  source  of  light  used  for  sound  recording  is  in  this  case 
a  mercury  arc  lamp  mounted  in  a  metal  holder.  This  holder  has  an 
adjustable  slit  7  cm.  long  parallel  to  the  axis  of  the  mercury  arc 
tube  and  carries  a  backelite  plate  for  the  binding  posts,  connecting 
the  lamp  to  a  110  D.C.  source  and  to  the  step  down  transformer 
of  the  modulating  circuit.  Figs.  19  and  20  show  two  forms 
of  a  large  variety  of  mercury  lamps  I  have  constructed  for  sound 
recording.  They  have  in  common  an  arrangement  to  prevent 
drops  of  condensing  mercury  from  disturbing  the  light  emitted. 
This  is  done  by  a  collar  fixed  in  the  neck  of  the  condens- 
ing chamber  and  a  tube  connecting  the  mercury  container  with 
the  condensing  chamber.  A  cone  fixed  over  the  cathode  and  sup- 
plied with  holes  tends  to  prevent  the  arc  from  excessive  wandering 
over  the  mercury  surface.  The  lamp  as  shown  by  Fig.  20  has, 
besides  the  two  electrodes  connected  with  the  electric  feeding  source, 
two  extra  electrodes  connected  to  the  light  modulating  source.  By 
this  arrangement  the  resistance  of  the  modulating  circuit  is  reduced 
and  the  modulation  is  made  more  effective. 


Fig.  20.     Four-Electrode  Mercury  Vapor  Lamp  with  Mounting 

Modulation  with  radiofrequency  currents  as  well  as  directly  with 
audiofrequency  currents  were  compared  as  to  their  merits  for  making 
sound  records.  By  properly  choosing  right  conditions  for  the  modu- 
lating circuits  both  methods  proved  to  be  of  equal  value  as  to  the 
exactness  of  records  obtained.  The  radiofrequency  method  requiring 
additional  stages  of  energy  transformation  is  less  economical.  Its 
significance  becomes  considerable  when  energies  over  10  watts  are 
required  to  modulate  the  source  of  light.  In  the  case  of  the  mercury 
arc  described  about  5  watts  are  sufficient  to  obtain  satisfactory 
records  of  words  spoken  about  1  m  from  the  transmitter.  These 
5  watts  were  obtained  by  one  stage  amplification,  if  a  microphone 
was  actuated  by  the  sound  to  be  recorded.  When  electromagnetic 
system  of  the  type  used  in  telephone  receivers  were  applied  for 
converting  sound  energy  into  the  form  of  electric  telephonic  currents, 
two  additional  stages  of  amplification  by  means  of  standard  thermi- 
onic tubes  were  necessary.  The  effective  value  of  currents  modulat- 
ing the  arc  radiation  was  measured  by  thermocouples;  it  varied 
from  0,1  to  0,7  amperes. 
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Fig.  21.     Sample  of  Record  Pro- 
duced by  830  Cycles  of  Al- 
ternating Current 


Fig.  22.     Sample  of  Record  of  Speech 
(counting)  Obtained  by  Radio-fre- 
quency Modulation  of  Mer- 
cury Vapor  Light 
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Fig.  23. 


Film  Cutting  Showing  Dr.  C.  R.  Richards,  President  of  the  Lehigh 
University  and  the  Record  of  His  Speech 
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The  operation  of  the  apparatus  is  simple.  The  mercury  vapor 
lamp  is  started  by  tilting  and  the  rheostat  adjusted  for  an  arc  current 
of  about  2,75  amp.  The  width  of  the  sound  record  can  be  adjusted 
from  3  to  7  mm  by  shifting  the  lamp  along  the  supporting  rod.  The 
sound  recording  objective  is  then  set  so  that  the  image  of  the  slit  of 
the  lamp  appears  on  the  film  as  a  sharply  defined  line  when  viewed 
through  the  reflecting  prism.    The  thickness  of  the  line  is  0,03mm. 

When  the  modulating  circuit  is  then  switched  on  to  the  arc 
and  the  film  driving  motor  is  set  in  motion,  everything  is  ready  to 
record  sound  and  pictures  simultaneously.  Fig.  21  shows  a  sample 
of  a  record  made  by  modulating  the  mercury  arc  with  1  watt  of 
830  cycles  alternating  current  at  a  speed  of  65cm  per  second.  Fig.  22 
shows  a  record  of  speech  (counting)  made  by  modulating  the  arc 
with  radiofrequency  currents  of  maximum  3  watts  at  680000  cycles 
(X  =  440m).  Fig.  23  shows  a  film  with  pictures  and  the  record  of 
speech  on  the  margin  made  with  audiofrequency  modulation  at  a 
speed  of  45cm.  per  second. 

For  the  reproduction  of  sound  from  records  thus  obtained 
the  optical  property  of  the  photographic  deposit  is  made  use  of. 
The  transmission  of  light  through  the  deposit  depends  on  its  density. 
If  the  record  was  made  so  that  all,  even  the  largest,  variations  of 
light  gave  exposures  falling  within  the  straight  part  of  the  photo- 
graphic characteristic  of  the  emulsion,  the  transmission  through 
the  film  will  all  along  the  record  follow  the  variations  of  the  current 
which  modulated  the  actinic  rays  emitted  by  the  mercury  arc  lamp. 

A  narrow  bundle  of  light  may  be  transmitted  through  a  veiy 
slowly  moving  sound  record  and  projected  upon  a  thermopile  con- 
nected with  a  recording  galvanometer.  The  thermopile  will  absorb 
the  radiations  at  the  rate  at  which  the}'  emerge  from  the  vaiying 
silver  deposit  and  convert  them  into  heat.  The  heat  produces  vaiying 
thermoelectric  forces  in  the  galvanometer  circuit  with  the  result  that 
the  deflections  leave  a  trace  showing  an  accurate  graphical  repro- 
duction of  the  original  current  variations.  This  is  illustrated  by 
Fig.  24,  in  which  the  sound  record  and  a  graphical  reproduction  of 
the  current  variations  which  produced  the  record  are  drawn  side  by 
side. 

Actual  curves  of  this  kind  may  be  obtained  by  means  of  a 
microphotometer  as  used  for  spectrometric  investigations.  A 
sound  record  can  be  analyzed  by  preparing  a  graph  in  the  described 
manner,  in  exactly  the  same  way  as  the  distribution  of  intensity 
across  the  lines  of  a  spectrogram  is  investigated. 

The  study  of  sound  records  by  means  of  microphotometers  will 
be  helpful  in  locating  the  sources  of  distortion  and  will  enable  a 
scientific  comparison  of  different  methods  of  producing  sound 
records. 

Thermopiles,  however,  cannot  be  employed  for  the  reproduction 
of  sound  because  of  their  thermal  inertia,  preventing  the  electromo- 
tive forces  from  following  the  rapidly  changing  amount  of  radiation 
due  to  the  motion  of  record.  For  this  purpose  devices  or  so  called 
cells  have  to  be  used  which  do  not  respond  to  heat  but  to  radiation 
of  much  higher  frequencies,  as  given  by  visible  light. 
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Fig.  24. 


Method  of  Investigating  Photographic  Sound  Records  by 
Means  of  a  Microphotometer 


It  does  not  matter  for  the  reproduction  whether  the  negative 
or  a  positive  copy  of  the  record  is  used  to  produce  variations  of 
light  to  be  transmitted  from  a  source  of  constant  intensity  through 
the  film  and  projected  then  upon  the  sensitive  layer  of  a  photoelectric 
converter.  With  a  proper  converter  the  electric  energy  released  in 
a  circuit  will  strictly  follow  the  rate  of  change  in  the  amount  of 
photoelectrically  active  radiation  which  enters  the  cell  and  is  absorbed 
by  the  sensitive  layer. 

There  are  two  known  classes  of  photoelectric  converters.  One 
class  depends  on  the  change  of  electric  conductivity  of  certain 
substances,  mostly  of  crystalline  structure,  when  subjected  to  the 
action  of  visible  or  infrared  radiations.  A  large  number  of  such 
substances  are  known  to  be  more  or  less  sensitive:  Selenium,  Anti- 
monium,  Talophide,  Molybdenite,  Stibnite,  Proustite.  All  such 
devices  have  a  pair  or  more  electrodes  between  which  a  crystal  or 
a  thin  layer  of  the  sensitive  material  is  enclosed  forming  a  continuous 
conductive  film.  Connected  in  series  with  a  battery  and  a  galvan- 
ometer these  devices  show  in  darkness  a  certain  conductivity  which 
undergoes  changes  when  they  are  subjected  to  light.  The  relation 
between  the  amount  of  acting  light  and  the  electrical  energy  released 
in  the  circuit  is  very  complicated. 

The  second  class  of  photoelectric  devices  is  based  on  an  universal 
physical  principle  that  all  substances  under  the  action  of  radiation 
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Fig.  25.     Kunz's  Photoelectric  Cell 

expel  from  their  surface  electrons.  However,  only  a  very  limited 
number  of  substances  and  only  under  special  circumstances  do  it 
so  efficiently  that  they  can  be  utilized  as  converters. 

All  alkali  metals  possess  marked  photoelectric  properties. 
The  action  of  light  upon  these  metals  is  similar  to  the  action  of 
heat  upon  the  filament  in  a  thermionic  tube.  Electrons  are  dis- 
lodged by  the  energy  absorbed  by  the  metal  and  a  part  of  them  is 
expelled  beyond  the  surface.  Once  outside  the  metal  the  electrons 
are  driven  by  applied  forces  through  the  space  towards  an  electrode, 
which  is  positively  charged  by  a  battery.  Unlike  the  selenium  and 
antimonium  cells  the  space  between  the  electrodes  is  not  conductive, 
it  is  evacuated  or  filled  with  rarefied  neutral  gases.  No  current 
whatever  passes  the  cell  in  darkness,  if  the  voltage  applied  to  the 
electrodes  is  not  excessive.  A  current  is  started  only  when  the 
alkali  surface  is  illuminated.     In  highly  evacuated  cells  the  current 
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Fig.  26.    Current- Voltage  Characteristic  of  Potassium  Photoelectric  Cell 
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is  given  by  the  number  of  electrons  leaving  the  sensitive  surface, 
which  is  strictly  proportional  to  the  amount  of  light  absorbed  by 
the  metal.  If  however  the  cell  is  filled  with  a  rarefied  gas,  the  electrons 
in  their  motion  towards  the  anode  ionize  the  gas  molecules,  liberating 
negative  and  positive  ions.  These  ions  also  move  towards  the 
anode  resp.  towards  the  cathode,  increasing  the  total  flow  of  charged 
particles.  A  gas-filled  photoelectric  cell  thus  represents  a  converter 
of  light  and  current  amplifier  combined  in  one  device.  The  larger 
the  potential  applied,  the  greater  is  the  current  obtained.  Fig.  25 
illustrates  the  Kunz  photoelectric  cell,  which  was  used  in  the  experi- 
ments described  for  sound  reproduction  as  well  as  for  measurements. 
The  glasstube  has  a  silver  layer,  upon  which  potassium  is  deposited 
by  condensation.  The  silver  layer  forms  one  electrode  (cathode) 
while  a  silver  wire  bent  into  a  circle  forms  the  anode. 

Fig.  26  shows  the  voltage-characteristics  of  such  potassium 
cells  for  a  cell  highly  evacuated  as  compared  with  a  cell  filled  with 
rarefied  hydrogen.  The  curves  show  clearly  the  current  amplification 
due  to  ionization  of  the  gas.  For  practical  purposes  the  safe  voltage 
applied  must  not  exceed  about  half  of  the  maximum  potential  at 
which  a  visible  discharge  is  started  in  the  tube.    If  the  illumination 


Fig.  27. 


Photoelectric  Reproduction  of  Sound  Synchronously  with 
Projecting  Motion  Pictures 


is  constant  the  current  produced  is  also  constant,  but  if  the  illumina- 
tion is  made  to  vary  by  means  of  a  rotating  sectored  disk  intermit- 
tently intercepting  the  light,  or  by  a  moving  photographic  record 
modulating  the  amount  of  light  transmitted,  the  current  will  also 
vary  at  exactly  the  same  rate.  By  means  of  a  thermionic  amplifier 
as  shown  in  Fig.  27  the  telephone  currents  produced  by  the  cell 
are  still  more  magnified  so  as  to  supply  the  necessary  energy  for  a 
loud  speaking  telephone. 

The  sounds  thus  reproduced  from  a  photographic  record  can  be 
heard  while  the  moving  pictures  of  the  acting  persons  taken  on  the 
same  film  are  made  visible  on  the  screen  by  means  of  a  projector. 
The  adaptation  of  a  photoelectric  cell  for  reproduction  of  sound 
is  seen  in  Figs.  28  and  29.    The  first  shows  the  apparatus  combined 
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Fig.  28.     Ac tinophone- Apparatus  for  Reproduction  of  Sound  Syn- 
chronously with  Motion  Pictures 


Fig.  29.     Actinophone-Apparatus  for  Reproduction  of  Sound  Syn- 
chronously with  Motion  Pictures 
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Fig.  30.     Mounting  of  the  Photoelectric  Cell 

with  a  Pat  he  motion  picture  projector,  the  other  a  similar  arrange- 
ment in  connection  with  a  standard  "Simplex"  projector.  In  both 
cases  the  cell  is  placed  between  the  film  driving  mechanism  and 
the  film  feeding  magazine.  A  lighthouse  with  a  straight  filament, 
35- watt,  tungsten  lamp  carries  a  condenser  and  microscope  objective 
which  projects  the  reduced  image  of  the  filament  upon  the  sound 
record  on  the  film.  A  narrow  bundle  of  light  emerges  thus  from 
the  back  side  of  the  film  and  enters  an  opening  made  in  the  housing 
of  cylindrical  form,  which  contains  a  photoelectric  cell.  From  the 
clean  glass  surface  of  the  cell  the  light  passes  through  the  ring  of 
the  anode  and  illuminates  the  sensitive  surface  of  the  cathode.  Fig.  30 
shows  the  mounting  of  the  cell  and  the  principal  details  taken  apart. 
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Fig.  31.     Method  of  Photoelectric  Reproduction  of  Sound  by  Means  of 
Periodic  Variations  of  the  Light  Source 
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The  photoelectric  cell  when  used  in  the  manner  described 
above  represents  in  a  direct  current  circuit  a  resistance  of  millions 
of  ohms,  the  magnitude  depending  on  the  illumination.  An  efficient 
coupling  of  a  cell  with  an  amplifier  offers  therefore  difficulties.  The 
method  of  direct  insertion  of  the  cell  in  a  grid  circuit  of  a  thermionic 
amplifier  having  a  very  high  vacuum  is  more  efficient  than  inductive 
coupling  by  means  of  a  transformer.  The  resistance  coupling 
method  is  somewhat  better.  Searching  for  improvement  resulted 
in  the  following  promising  method. 

Every  photoelectric  cell  represents  a  condenser,  of  which  the 
sensitive  cathode  and  the  ring  anode  represent  the  electrodes  and 
the  rarefied  gas  between  them  forms  in  darkness  a  perfect  dielectric. 
When  the  cell  is  illuminated  the  flow  of  electrons  forms  a  shunt  of 
very  high  resistance. 

The  capacity  of  the  cell  can  be  utilized  directly  by  radio-fre- 
quency current  modulated  by  the  varying  stream  of  ions,  or,  as 
shown  in  Fig.  31,  the  source  of  light  itself  is  made  to  vaiy  periodically 
b}^  means  of  superposed  radiofrequency  currents.  As  a  result  of  the 
moving  sound  record,  modulated  radiofrequency  currents  are 
obtained  in  the  cell  circuit.  The  cell  circuit  is  tuned  to  the  frequency 
of  light  flashes  produced  by  the  source  of  light  and  coupled  to  a 
radiofrequency  amplifier.  The  further  stages  of  transformation 
are  exactly  those  of  a  radiotelephonic  receiving  set.  Radiofrequency 
currents  are  rectified  by  means  of  a  detecting  device,  and,  after 
repeated  audioamplification,  telephone  currents  are  obtained  suffi- 
ciently powerful  to  actuate  a  loud  speaker. 

A  study  of  photoelectric  cells  was  made  in  order  to  find  out 
whether  the  capacity  is  constant  or  dependent  on  the  illumination. 


Fig.  32.     Apparatus  for  Testing  Sound  Records 
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(Physical  Review,  March  1923.)  Variations  of  capacity  were  dis- 
covered to  exist  which  form  the  basis  of  a  third  method  of  reproducing 
photographicsound  records. 

It  was  found  useful  to  investigate  the  reproduction  of  records 
by  a  special  apparatus  allowing  continual  repetition  of  short  samples 
of  record.  Fig.  32  shows  the  details  of  the  apparatus.  On  a  plat- 
form is  fixed  a  small  shielded  motor  the  speed  of  which  can  be  ac- 
curately adjusted.  An  iron  frame  carrying  rollers  extends  from  the 
platform  about  2m.  high.  One  of  the  rollers  is  adjustable  to  allow 
the  tension  of  the  film  to  be  regulated.  At  a  height  of  1,5m  adjust- 
able supports  are  arranged  for  the  light-house,  for  the  optical  sys- 
tem used  for  the  sound  reproduction,  and  for  the  housing  of  the 
photoelectric  device.  Shelves  for  the  amplifying  apparatus,  batteries 
and  additional  apparatus  used  in  testing  are  arranged  to  be  fixed 
at  any  desired  height  along  the  frame.* 

After  it  was  demonstrated  a  year  ago  in  a  public  lecture  at  the 
University  of  Illinois  that  sound  records  produced  by  means  of 
photography  can  be  practically  applied  in  connection  with  motion 
pictures,  the  development  of  the  art  has  obtained  an  impetus  which 
promises  that  the  next  years  will  witness  the  introduction  of  a  variety 
of  systems  for  talking  motion  pictures  and  for  broadcasting  of  speech 
and  music. 

Further  refinements  can  be  achieved  by  improving  the  modu- 
lating source  of  light  and  by  increasing  the  sensitivity  of  photoelectric 
converters.  But  the  most  important  developments  will  go  parallel 
with  the  progress  in  the  photographic  art  by  supplying  sensitive 
fine  grained  emulsions  of  higher  photographic  resolving  power  and 
in  the  telephonic  art  by  eliminating  the  distortion  due  to  mechani- 
cally vibrating  parts  in  transmitters  and  in  loud  speakers. 

University  of  Illinois, 
Urbana,  111.,  April,  1923. 


*  In  connection  with  that  part  of  my  work  which  was  carried  out  at  the 
University  of  Illinois  acknowledgments  are  due  to  Prof.  C.  T.  Knipp  for  his  kind 
help  in  making  the  experimental  mercury  vapor  lamps  and  to  Mr.  A.  G.  Eldredge , 
Director  of  the  Photographic  Department,  for  his  valuable  assistance  in  the 
photographic  part  of  the  work. 
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PROBLEMS  OF  THE  FILM  FINISHING  LABORATORY 

By  Watterson  R.  Rothacker  and  Joseph  Aller 

AFTER  all  is  said  and  done,  the  proof  of  the  "picture"  is  in  the 
print,  for  the  positive  print  is  the  final  link  in  the  chain  which 
leads  to  the  eye  of  the  public.  But  print  proof  is  dependent 
upon  projection  and  screening;  many  a  good  print  which  reflected 
unusual  negative  value  has  been  criticized  or  condemned  because 
its  excellence  and  utmost  were  dimmed  by  faulty  screening. 

The  laboratory  is  one  of  the  most  important  factors  in  Motion 
Picture  construction.  All  of  the  artistry  of  author,  director,  players 
and  cinematographer,  is  lessened  or  lost  if  the  negative  is  improperly 
developed;  and  the  beauty,  which  is  latent  in  a  perfectly  exposed  and 
perfectly  developed  negative,  is  a  deep  dark  secret  if  the  print  is 
inferior  or  is  not  properly  presented. 

Inasmuch  as  the  laboratory  has  to  do  with  developing  the 
negative  which  registers  the  first  film  result  of  enormous  investments 
in  dollars,  thought  and  Art,  and  inasmuch  as  the  laboratory  makes 
the  positive  prints  which  show  the  public  whether  the  picture  is 
good  or  bad,  it  may  be  reasonably  stated  that  upon  the  laboratory 
rests  a  responsibility  at  least  as  great,  and  just  as  important  as  that 
of  the  author,  director,  star  and  cinematographer. 

The  laboratory  is  not  a  spectacular  feature  in  the  Motion  Picture 
Industry,  but  without  proper  laboratory  cooperation  the  production 
itself  suffers,  the  distributor  fails  to  deliver  100%  to  the  exhibitor, 
and  the  exhibitor  fails  in  his  duty  to  the  public. 

In  making  quantity  prints  for  release  use,  the  laboratory  in  many 
instances  is  instructed  to  make  up  for  various  deficiencies  in  the 
negative,  such  as  under  or  over  exposure  or  development,  flat  or 
hard  lighting,  and  other  defects  which  may  be  present  in  the  negative 
because  of  faulty  handling  or  because  the  picture  was  "shot"  under 
unavoidably  poor  conditions. 

It  is  not  always  within  the  province  of  the  laboratory  to  select 
colors  or  timing.  It  often  happens  that  the  specification  of  a  client 
who  has  individual  color  ideas,  or  who  has  a  fondness  for  soft  or 
out  of  focus  effects,  results  in  a  print  which  is  delightful  to  the  man 
who  ordered  it,  but  which  does  not  suit  the  taste  or  requirement 
of  the  majority  of  exchange  men,  exhibitors  or  public. 

Another  thing  the  laboratory  has  to  contend  with  is  the  difference 
in  "throw"  and  lighting  at  the  various  theatres.  Until  we  have 
standardized  illumination,  the  same  print  cannot  look  as  well  in  a 
small  house  in  Oshkosh  as  it  does  at  the  Chicago  or  Strand  where 
the  "throw"  or  current  is  different. 

The  laboratory  has  solved  this  problem  to  the  extent  possible 


under  present  conditions,  but  it  will  never  cease  to  be  a  problem 
until  standardized  projection  is  an  accomplished  fact. 

The  important  points  which  characterize  the  best  positive 
prints  are  general  density,  degree  of  contrast,  color  of  the  silver 
image,  correct  timing,  tinting,  toning,  freedom  from  mechanical 
defects  such  as  dirt,  scratches,  "greenness,"  etc.,  and  even  when 
all  this  is  properly  done,  it  is  obvious  that  the  final  appearance  of 
the  print  depends  upon  the  quality  of  the  negative  from  which  the 
prints  are  made,  for  after  all,  the  prints  are  merely  the  result  of 
mechanical  multiplication,  and  serious  defects  in  the  negative 
appear  as  serious  defects  in  the  positive  just  the  same  as  impressions 
from  a  defective  half  tone  appear  defective  in  the  reproductions. 

It  might  be  well  to  dwell  for  a  few  moments  on  one  factor  which 
has  an  important  bearing  on  the  subject  at  hand,  and  that  is — 
what  is  a  perfect  negative? 

The  statement  of  Messrs.  Hurter  and  Driffield  that  the  most 
valuable  distinction  of  photography  lies  in  its  capacity  to  represent 
truthfully  natural  objects,  both  as  regards  delineation  and  light 
and  shade,  certainly  must  be  true,  and  their  definition  of  a  perfect 
negative  leaves  little  to  be  desired  from  our  point  of  view,  and  is  as 
follows : 

"A  technically  perfect  negative  is  one  in  which  the  opacities  of 
its  gradations  are  proportional  to  the  light  reflected  by  those  parts 
of  the  original  subject  which  they  represent;  by  opacity  is  meant 
the  optical  property  of  a  substance  to  impede  the  passage  of  light 
through  it — therefore,  it  is  obvious  if  these  values  are  established 
on  the  negative  correctly  the  duplication  of  the  original  values  on 
subsequent  positive  prints  readily  follows,  whereas  if  the  opacities 
are  not  proportional  to  the  original  subject's  parts,  then  neither 
will  the  prints  of  such  a  negative  reflect  light  with  intensities  pro- 
portional to  the  original  subject." 

This  feature  is  often  glossed  over  in  our  work,  and  no  doubt 
some  of  you  may  recall  seeing  at  the  movies  black  oranges  on  a  tree, 
or  probably  they  were  so  black  you  couldn't  see  them  at  all.  How- 
ever, we  can  occasionally  see  red  Indians  and  Chinamen  with  black 
faces  on.  the  screen.  These  values  in  the  monotone  scale  are  false 
usually,  for  the  reason  of  insufficient  exposure  of  the  negative.  Of 
course,  for  exact  rendition  in  color  work  it  is  advisable  to  use  film 
especially  sensitized  for  color  work,  nevertheless  very  good  results 
obtain  with  the  regular  negative  stock  which  is  orthochromatic  to  a 
remarkable  degree,  providing  a  generous  exposure  is  given. 

It  is  the  light  which  strikes  the  film  that  produces  the  negative, 
not  the  developing.  The  developer  merely  changes  a  bromide  of 
silver  emulsion  into  a  metallic  silver  emulsion,  and  if  sufficient 
exposure  has  been  given  the  subject,  a  density  ratio  has  been  estab- 
lished on  the  film  which  no  amount  of  developing  or  over-developing 
can  alter.  True,  the  negative  grows  denser  with  prolonged  develop- 
ment, but  the  density  ratio  remains  the  same  as  in  the  case  of  normal 
development.  The  overdeveloped  negative  merely  requires  more 
time  to  print. 

It  requires  what  we  term  a  normal  development  to  reduce  the 
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bromide  of  silver  emulsion  to  as  little  a  printing  density  as  possible, 
embracing  a  full  range  of  opacities  corresponding  with  the  original 
subject  photographed,  to  expedite  commercial  printing.  The 
denser  negative  takes  longer  to  print,  and  if  a  less  dense  one  has 
the  correct  proportional  opacities  it  is  to  our  advantage  to  use  it; 
nevertheless,  it  is  desirable,  though  not  imperative,  to  have  an  ever 
so  slight  deposit  of  silver  in  the  deepest  shadow.  There  will  ensue 
with  the  proper  development  of  a  negative  an  opacity  in  the  high 
light  that  will  readily  cover  up  any  fine  hair  scratches  which  may 
occur  on  the  celluloid  side  of  the  film  during  the  many  subsequent 
printing  operations. 

To  allay  any  misconception  regarding  the  density  of  such 
negative  which  may  have  arisen  in  your  minds,  allow  me  to  present 
the  following  experiment : 

Supposing  we  are  facing  an  ordinary  incandescent  electric  lamp, 
say  of  the  one  hundred  candle  variety,  and  we  interpose  between 
our  eyes  and  the  lamp  a  negative  fogged  all  over  evenly  and  of  such 
a  density  that  it  cuts  down  the  amount  of  light  coming  toward  us  to 
ten  candle  power.  Then  by  interposing  another  negative  of  the 
same  density  in  such  a  manner  that  the  light  must  travel  through 
both,  or  by  doubling  up  on  the  first,  the  amount  of  light  which 
reaches  us  is  equal  to  one  candle  power  only.  The  first  cut  the 
light  down  one  tenth,  or  to  ten  candle  power;  the  second  cuts  it 
down  again  one  tenth  of  the  remaining  ten  candle  power,  and  one 
candle  power  is  left.  These  values  are  not  correct,  as  other  con- 
siderations enter  into  the  experiment  as  factors,  but  they  serve  to 
show  that  two  such  opacities  in  a  negative  give  a  great  range  of 
transparencies. 

As  pointed  out  by  Messrs.  Hurter  and  Driffield,  transparency 
is  the  inverse  of  opacity,  and  the  relation  which  exists  between 
density  and  opacity  is  expressed  by  saying  that  the  former  is  the 
logarithm  of  the  latter.  The  negative  I  have  just  referred  to  may 
be  said  to  have  an  opacity  of  ten,  as  it  transmits  one  tenth  of  the 
light  it  receives.  Then  the  density  may  be  represented  as  one, 
because  one  is  the  common  logarithm  of  ten. 

I  have  dwelt  at  length  on  the  foregoing  to  show  the  most 
desirable  negative  for  our  work  is  one  which  is  rich  in  gradation, 
not  necessarily  heavy,  and  to  obtain  which  the  film  must  be  gener- 
ously exposed.  There  are,  however,  negatives  which  depict  light 
effects,  and  are  occasionally  underexposed.  These  do  not  materially 
affect  the  subject  of  this  paper,  for  reasons  I  shall  make  clear,  and 
negatives  of  this  character  are  comparatively  few  in  number. 

As  no  doubt  you  are  all  aware,  the  modus  operandi  of  developing 
negative  motion  picture  film  is  to  wind  the  film,  emulsion  side  out, 
on  a  narrow  rectangular  wooden  frame  about  some  four  feet  square, 
which  frame  holds  about  two  hundred  feet  of  film.  Several  of  these 
frames,  which  we  call  racks,  are  placed  in  the  tanks  in  a  vertical 
position  side  by  side,  with  a  small  space  between  each  rack  to  prevent 
the  films  from  touching  each  other.  With  the  developing  in  this 
manner,  of  such  negative  as  I  have  described,  there  occurs  a  darken- 
ing of  the  negative  at  that  point  where  the  film  rests  on  the  bar  of 
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the  rack  for  support.  This  darkening  we  call  rack  marks.  Inasmuch 
as  the  bars  are  four  feet  apart,  the  picture  from  a  projected  print 
of  such  a  negative  would  flare  up  every  four  feet  or  lighten  corre- 
spondingly. This  was  a  very  objectionable  feature,  and  many  and 
varied  were  the  remedies  tried.  It  was  thought  that  the  temperature 
conditions  caused  this  trouble,  but  this  was  soon  disproved.  It 
is  true  that  the  extra  darkening  of  the  film  could  be  prevented  by 
cooling  the  bars;  in  fact,  development  of  the  picture  itself  could 
be  arrested  to  such  an  extent  by  cooling  the  bars  that  the  print 
would  show  dark  marks  where  before  they  showed  white,  but  we 
were  unable  to  establish  a  temperature  which  would  meet  our  require- 
ments to  offset  this  darkening  of  the  film  at  the  rack  bar.  The 
manufacturers  of  the  film  were  appealed  to,  and  they  advised,  us 
to  use  drums  or  cylinders  to  develop  the  film  on,  giving  the  following 
reason  for  this  phenomenon : 

It  is  a  well  known  fact  that  in  chemical  dynamics  the  product 
of  a  chemical  action  retards  the  action.  In  this  case  an  alkaline 
developer  attacks  a  bromide  of  silver  salt  to  form  a  metallic  silver, 
the  bromine  from  the  silver  salt  combining  with  the  alkaline  salt 
of  the  developer  forming  bromide  of  potassium  or  sodium,  according 
to  whichever  salt  is  used  in  the  developer,  and  which  exert  a  great 
restraining  action  on  the  developing  action  itself. 

Now  consider  a  rack  of  film  in  a  vertical  position  in  a  tank  of 
developer.  The  product  of  development  falls  away  from  the  bottom 
bar,  and  by  convection  currents  is  rapidly  replaced  by  new  developer, 
consequently  the  film  on  the  bottom  bar  is  developed  faster  than 
the  sides.  When  we  consider  that  the  product  of  development 
from  the  top  and  sides  is  slowly  sliding  down  the  sides  and  partly  in- 
sulating it,  as  it  were,  from  the  fresh  developer — therefore  the  sides 
do  not  develop  as  fast  as  the  top,  for  instance;  considering  that  the 
fresh  developer  immediately  comes  in  contact  with  the  film  as  the 
product  of  development  slides  away  from  it.  As  logical  as  this  seemed 
to  be,  we  were  not  altogether  convinced,  and  made  some  experiments 
to  determine  if  this  really  was  the  cause. 

At  first  it  was  thought  that  the  pressure  of  the  film  on  the 
bar,  by  reason  of  the  film  being  wrapped  around  it,  might  have 
something  to  do  with  this  problem.  In  this  direction  no  difference 
was  noticed  with  several  pressures,  from  two  ounces  to  two  pounds 
on  a  single  strand  of  film  using  the  wooden  bar  which  was  always 
used.  Then  it  occurred  to  us  to  try  the  effect  of  different  materials, 
and  several  materials  from  soft  spongy  rubber  to  polished  nickel 
were  tried,  without  any  noticeable  difference.  Developers  at  different 
temperatures  were  tried  with  these  various  materials,  all  with 
negative  results. 

We  then  experimented  with  the  size  of  the  bar  and  found  that 
the  density  of  the  rack  marks  varied  inversely  with  the  size,  or 
rafther  thickness  of  the  bar,  and  furthermore  all  other  conditions 
being  equal,  the  extra  weight  of  silver  appeared  to  be  equal.  By 
that,  I  mean  when  we  used  a  very  narrow  bar,  say  one-sixteenth  of 
an  inch,  we  got  a  thin  heavy  line— when  we  used  a  thick  bar,  say 
two  and  one  half  inches  in  diameter,  we  got  a  much  lighter  mark, 
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but  some  four  inches  wide,  corresponding  with  the  length  resting 
on  the  bar.  And  if  the  extra  weight  of  silver  could  be  weighed, 
they  would  be  equal  in  both  cases.  Obviously,  if  a  bar  large  enough 
was  used,  this  extra  density  would  become  unnoticeable. 

Further  experiments  seemed  to  prove  that  this  extra  density 
at  the  supporting  area  was  dependent  on  the  intensity  of  the  latent 
image,  together  with  its  development.  By  intensity  of  the  latent 
image  I  mean  the  sensitiveness  of  the  film,  plus  its  exposure — for 
instance,  a  slow  film  would  have  to  have  a  great  deal  more  exposure 
than  a  fast  film  to  produce  the  same  density  of  rack  mark,  with  the 
same  development  in  both  cases.  Therefore,  I  concluded  the  more 
sensitive  the  film,  the  heavier  the  rack  mark,  and  the  greater  the 
exposure  the  heavier  the  rack  mark. 

The  inverse  holding  true  accounts  for  the  reason  that  the 
undertimed  negatives  never  show  this  trouble. 

Another  peculiar  feature  presented  itself  in  this  matter,  and 
that  was  the  time  elapsing  between  the  taking  of  the  picture  and 
the  developing  of  it — this  factor  affected  these  marks.  The  greater 
the  time  elapsing,  the  heavier  the  mark.  (This  observation  was 
presented  by  Mr.  Lancaster,  at  one  time  in  charge  of  the  Universal 
Laboratory.)  No  experiments  were  made  to  determine  to  what 
extent  they  were  affected,  however. 

From  the  practical  standpoint  it  would  seem  that  all  that 
was  necessary  to  eliminate  this  trouble  was  to  use  a  rack  with  a 
large  bar,  but  tank  space  prohibits  the  use  of  such  bars,  therefore 
we  hit  upon  the  expedient  of  using  a  roller  rack,  the  bars  of  which 
are  built  up  of  celluloid  ferrules  about  one  inch  in  diameter  and  one 
and  one  half  inches  long,  separated  by  washers  of  the  same  material 
alternately  arranged.  The  film  is  wrapped  on  in  the  same  manner 
as  the  regular  rack,  and  the  ends  of  the  film  being  anchored  to  the 
rack  by  means  of  rubber  bands  stretched  out  about  three  feet. 
In  the  process  of  development,  the  photographer  turns  the  top 
roller  by  means  of  knurled  knobs  at  the  ends.  This  causes  the 
whole  of  the  film  to  turn,  also  the  bottom  bar  by  reason  of  its  belt 
action.  In  this  manner  a  narrow  supporting  area  of  the  bar  is  made 
to  cover  a  large  supported  area  of  the  film,  meeting  the  requirements 
previously  expressed,  and  I  might  say  in  actual  practice  it  is  only 
necessary  to  turn  this  bar  about  two  complete  turns  during  develop- 
ment to  prevent  any  rack  mark  showing.  The  photographer  usually 
gives  the  bar  half  a  turn  every  two  minutes.  (One  patent  application 
number  on  this  rack  is  Serial  B,  605-172,  several  of  the  claims  have 
been  considered  allowable  and  some  rejected  for  prosecution  by 
the  patent  examiner.) 

The  physical  condition  of  the  print  is  of  the  utmost  importance. 
The  principal  defects  that  lessen  the  life  of  the  print  and  are  traceable 
to  poor  laboratory  work  are  injured  perforations,  too  many  or 
poorly  made  patches,  improper  fixing  either  through  not  entirely 
removing  all  silver  salts  with  subsequent  deterioration  of  the  picture, 
or  too  great  hardening  effect  in  the  fixing  bath  rendering  the  film 
unduly  brittle  and  liable  to  break  and  crack;  and  improper  washing 
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which  does  not  entirely  remove  all  traces  of  hypo  and  silver  salts 
dissolved  in  the  hypo. 

To  prolong  the  life  of  the  print,  it  is  advisable  that  all  prints 
be  waxed  at  the  laboratory  where  they  are  made.  This  should 
be  done  by  means  of  a  specially  prepared  wax,  applied  in  a  narrow 
strip  along  the  perforations,  of  such  nature  as  to  give  proper  lubrica- 
tion when  warmed  by  the  heat  of  the  projection  light,  but  which  will 
not  melt  under  such  heat  and  spread  over  the  picture.  If  the  waxing 
is  improperly  done,  or  the  prints  are  not  waxed  at  all,  oftentimes 
an  operator  resorts  to  the  application  of  oil  to  the  film  or  attempts 
to  lubricate  it  by  some  other  crude  and  destructive  method  which 
invites  print  ruin. 

It  is  gradually  becoming  the  custom  of  all  reputable  laboratories 
to  wax  all  prints,  which  is  far  better,  safer  and  more  economical  than 
where  the  waxing  is  done  at  exchange  points. 

The  use  of  continuity  sheets,  which  establishes  an  outline  of 
scenes  and  titles  so  that  the  exchanges  can  quickly  order  small 
replacements  by  number,  has  proven  to  be  an  economical,  efficient 
innovation.  I  believe  that  it  is  only  a  question  of  time  when  every 
big  distributing  organization  will  insist  that  the  laboratory  making 
its  prints  furnish  to  the  home  office  and  to  each  exchange  point, 
a  complete  continuity  sheet  on  each  and  every  subject.  This  comes 
under  the  head  of  service,  and  service  is  one  of  the  most  important 
functions  of  the  laboratory;  without  service,  the  work  of  the  labora- 
tory is  only  half  accomplished. 

The  1001  things  which  represent  the  difference  between  a  good 
print  and  an  ordinary  print  or  poor  print  are  of  a  character  too 
technical  to  be  interesting  to  the  average  layman,  but  so  obviously 
understood  by  the  members  of  this  technical  organization  that  I 
will  refrain  from  even  mentioning  them. 

In  conclusion  I  would  like  to  remark  that  while  the  laboratory 
cannot  develop  a  perfect  negative  without  perfect  lighting  and 
exposure,  and  while  the  laboratory  cannot  make  a  perfect  print 
from  an  imperfect  negative,  the  laboratory  can  make  a  great  picture 
look  great  and  it  can  make  an  ordinary  picture  look  good;  and  it 
can,  by  a  system  of  co-operative  service,  greatly  reduce  the  risk, 
worry  and  maintenance  expense  of  the  producer  and  distributor  and 
certainly  add  to  the  enjoyment  of  the  exhibitor  and  public. 

The  print  to  the  theatre  is  as  important  as  the  cartridge  to  the 
gun. 
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TESTING  MOTION  PICTURE  MACHINES  FOR  THE 
NAVAL  SERVICE 

Lieutenant  Commander  C.  S.  Gillette,  U.  S.  N. 

THE  use  of  motion  picture  machines  on  board  vessels  and  at 
stations  of  the  Navy  has  been  permitted  for  several  years,  but 

only  recently  has  it  been  decided  to  furnish  these  machines  as 
part  of  the  regular  standard  Navy  equipment.  More  specifically 
these  machines  were  previously  supplied  through  contributions  from 
the  individuals  of  a  ship's  crew  or  in  some  other  manner  from  their 
own  funds.  Thus,  whichever  machine  had  the  services  of  the  most 
persuasive  salesmen  or  by  some  other  way  most  appealed  to  the  fancy 
of  the  individual  making  the  purchase,  that  machine  was  the  one 
which  any  particular  unit  of  the  Navy  used. 

The  increasing  importance  of  motion  pictures  from  an  educa- 
tional standpoint,  as  well  as  for  the  general  improvement  of  morale, 
so  essential  to  the  efficiency  of  such  an  organization,  has  rendered  it 
desirable  to  supply  the  necessary  equipment  hereafter  from  Govern- 
ment funds.  An  investigation  and  test  of  the  material  available 
commercially  was  thus  necessitated  with  a  view  to  the  preparation  of 
standard  specifications,  having  due  regard  to  the  peculiar  nature  of 
the  service  demanded  by  the  Navy,  in  order  that  purchase  in  accord- 
ance with  Government  procedure  could  be  made.  The  Laboratory 
of  the  New  York  Navy  Yard  was  designated  to  make  these  tests  and 
manufacturers  of  machines  have  co-operated  in  the  most  generous 
manner  to  aid  the  Government  in  meeting  its  requirements. 

It  would  appear  at  first  thought  that  the  conditions  for  satis- 
factory motion  picture  projection  on  a  sea  going  vessel  are  not  far 
different  than  the  conditions  met  with  in  land  practice.  This  to  a 
great  extent  is  true.  Further,  a  fair  percentage  of  the  motion 
picture  demand  in  the  Navy  is  for  shore  stations,  and  these  certainly 
require  no  special  consideration,  except  that  two  separate  standards 
would  not  be  an  economical  practice.  Hence,  shore  station  machines 
should  be  the  same  as  those  used  at  sea.  Standards,  must  be  set, 
therefore,  by  the  needs  of  sea  service  only. 

Careful  consideration  of  this  problem  brought  out  some  very 
important  differences  in  the  conditions  to  be  met  with  at  sea  in  the 
Navy  as  opposed  to  ordinary  land  practice. 

The  audience  on  board  a  Naval  vessel  is  either  quite  large  or 
small,  dependent  on  the  size  of  the  vessel  and  the  nature  of  its  duty. 
On  battleships,  and  of  course,  shore  stations,  we  may  expect  anything 
up  to  one  thousand  men  or  more.  It  is  in  a  sense  an  assured  audience 
and  often  more  or  less  compulsory — that  is,  it  is  compelled  to  attend 
the  show  by  total  lack  of  anything  better  to  do.     The  choice  of  the 
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manner  in  which  one  spends  the  evening  is  not  very  wide  on  the 
southern  drill  grounds.  Hence,  we  do  not  have  to  meet  competition 
in  amusements  nor  cater  to  the  whims  of  a  critical  audience.  It  must 
not  be  assumed,  however,  that  our  audiences  are  not  critical.  None 
is  more  so  and  they  voice  their  criticisms  in  no  uncertain  manner, 
but  we  do  not  have  to  worry  about  loss  of  patronage. 

Film  supplied  for  the  use  of  the  Navy  is,  from  a  practical  stand- 
point, purchased  outright,  as  it  is  leased  for  a  term  of  years  and  long 
film  life  becomes  at  once  a  primary  essential  of  operation.  The 
films  are  made  up  in  programs  consisting  generally  of  one  main  feature 
of  five  or  six  reels,  two  or  three  reels  of  comedy,  and  a  news  reel.  As 
a  rule  about  8000  feet  of  film  are  used  at  each  performance. 

There  are  in  constant  circulation  throughout  the  Navy  at  the 
present  time  about  2000  complete  programs  as  above,  or  about 
16,000,000  feet  of  film.  About  eighty  vessels  and  sixty  shore  stations 
are  served,  scattered  pretty  much  all  over  the  world.  The  programs 
are  made  up  and  sent  out  from  a  central  exchange  and  these  are 
passed  from  ship  to  ship  or  station  until  eventually  each  comes  back 
to  the  central  exchange.  While  circulating,  minor  repairs  are  made 
and  if  saiy  portion  is  damaged  to  such  an  extent  that  it  cannot  be 
used  for  projection  purposes,  the  entire  program  is  returned  to  the 
exchange  for  extensive  renewals  or  repairs  and  again  returned  to 
circulation.  Every  effort  is  made  to  keep  a  program  intact  until  it 
has  completed  the  entire  circuit. 

The  Central  Exchange  is  located  at  the  Navy  Yard,  New  York, 
and  twelve  sub-exchanges  assist  the  distribution  in  the  United  States, 
the  Philippines,  Hawaii,  the  Canal  Zone  and  on  board  certain  of  the 
repair  ships.  The  Central  Exchange  is  equipped  to  inspect,  repair, 
clean  and  process  film  and  provides  training  for  operators  and  censor- 
ship for  the  outgoing  programs.  The  service  is  complete  in  all  details 
and  it  is  believed  will  compare  most  favorably  with  any  commercial 
system  when  consideration  is  given  to  the  fact  that  it  supplies  and 
maintains  service  all  over  the  world. 

On  board  a  vessel  of  the  Navy  all  the  equipment  for  projection 
must,  of  necessity,  be  easily  portable.  Each  performance  requires 
a  complete  set  up  of  machine,  screen  and  seating  arrangement  either 
above  or  below  decks  as  the  weather  conditions  may  permit.  Usually 
performances  are  given  in  the  open  air  on  deck,  whenever  at  all 
possible,  as  more  seating  capacity  is  there  available.  The  audience 
views  the  performance  from  the  front  of  the  screen  where  possible, 
but  often  on  deck  a  fair  percentage  enjoy  the  reverse  side  of  the 
screen  at  no  great  disadvantage  except  some  trouble  in  deciphering 
the  titles.  At  present  canvas  screens  are  used  and  each  ship  prepares 
or  selects  its  own.  Standardization  is  in  prospect  for  this  equipment 
also. 

The  machines  are  operated  exposed  on  deck,  and  must  be  taken 
down  and  stowed  away  after  each  performance.  Space  is  limited  on 
board  ship  and  easy  stowage,  in  the  smallest  possible  space,  fully  pro- 
tected against  the  elements  and  the  motion  of  a  vessel  at  sea  is 
essential.    Taking  machines  below  deck  means  passing  them  through 
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one  or  more  small  hatches,  down  ladders  and  through  narrow  pas- 
sageways, with  attendant  possibility  of  damage. 

Sea  air  is  highly  corrosive  and  attacks  readily  exposed  surfaces 
of  materials  susceptible  to  its  action,  no  matter  how  carefully  used 
and  stored.  Hence  non-corrodible  materials  must  of  necessity  be  used 
for  important  parts  wherever  at  all  possible  and  when  not  possible 
special  means  must  be  taken  to  cover  same  with  intimate  protective 
coatings,  such  as  galvanizing,  sherardizing,  etc.  Even  all  of  the 
relatively  unimportant  parts  should  be  satisfactorily  protected. 
Sheet  metal  in  particular  should  be  of  non-corrodible  material. 
Cast  metals  are  not  so  readily  attacked  by  sea  air  but  should  be 
given  suitable  protective  coatings  in  any  case. 

The  ordinary  film  reels,  for  example,  are  quickly  attacked  and 
ruined.  For  this  reason  galvanized  wire  reels  are  being  tried  out  and 
something  along  this  line  will  undoubtedly  become  standard.  The 
corroded  reels  have  caused  in  the  past  considerable  damage  to  film, 
and  have  been  the  direct  cause  of  much  unnecessary  film  expense. 

The  general  mechanical  features  of  the  machines  needed  do  not 
require  any  special  consideration  except  that  they  should  be  reason- 
ably fool  proof  and  that  all  gears  and  operating  parts  should  be 
enclosed  and  made  as  nearly  dirt  and  dust  proof  as  possible.  It  is  not 
claimed  that  the  sea  is  particularly  dusty,  but  on  board  any  ship, 
more  particularly  the  coal  burner,  the  soot  and  cinders  from  the  stacks 
often  under  forced  draft,  are  extremely  troublesome  on  gears,  bearings 
and  moving  parts.  Exposed  operation  on  deck  increases  the  prob- 
ability of  trouble  if  the  design  does  not  take  account  of  this  feature. 

Electrically,  commercial  designs  seem  satisfactory  in  most 
respects.  Variable  motor  speed  does  not  seem  essential  for  our 
purposes,  as  it  allows  too  much  leeway  for  an  operator  to  ruin  film 
by  needless  speed  of  projection  to  get  through  a  performance  quickly. 
We  do  not  run  two  shows  an  evening  and  time  does  not  mean  money, 
but  to  shorten  it  means  film  expense. 

Miscellaneous  requirements  which  have  been  considered  are 
suitable  means  for  ready  disassembly  and  stowage  of  parts  as  pre- 
viously mentioned;  adoption  of  a  standard  film  length  per  reel, 
viz.,  1000  feet,  and,  most  important  of  all,  ready  interchangeabilitv 
of  parts  between  machines  of  the  same  type  and  manufacture.  This 
last  point  is  especially  important,  due  to  the  distribution  of  the 
machine  over  the  world  and  the  necessity  for  quick  repair  with  the 
limited  facilities  and  by  the  personnel  on  board  ship.  On  a  vessel 
of  the  Navy,  spare  parts  are  not  available  in  a  store  around  the  corner 
nor  can  the  services  of  an  expert  be  obtained  with  no  greater  effort 
than  a  telephone  call. 

Manufacturers  of  any  Marine  equipment  should  be  at  some  pains 
to  render  identification  and  ordering  of  spare  parts  for  their  product 
as  easy  a  matter  as  possible,  so  that  orders  from  distant  parts  of  the 
world  can  be  readily  interpreted  and  parts  furnished  without  pos- 
sibility of  error. 

It  might  be  added  that  motion  picture  machines  in  the  Navy 
are  not  directly  essential  to  the  operation  of  a  vessel  nor  to  its  fighting 
efficiency.    We  do  not  need  100%  efficiency  in  spite  of  high  cost  for 
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this  class  of  equipment,  as  often  is  the  case  for  certain  other  classes. 
We  need  the  maximum  amount  of  amusement,  at  the  minimum  first 
cost  and  maintenance  expense  just  as  commercial  practice  demands, 
and  the  factor  of  safety  in  insuring  this  relationship  we  can  afford  to 
let  rest  at  unity.  We  do  not  take  this  chance  with  fighting  equipment. 
There  the  factor  of  reliability  must  be  high.  It  does  not  pay  to  follow 
a  dollar  pinching  policy  where  a  dollar  saved  may  mean  the  failure 
of  vital  apparatus  at  a  critical  moment  of  battle.  Failure  at  such  a 
moment  may  mean  loss  of  a  battleship — loss  of  a  battleship,  the  loss 
of  a  battle — and  a  loss  of  a  battle,  the  loss  of  a  nation — and  the  loss 
of  a  nation,  the  loss  of  liberty  and  everything  else  that  makes  life  and 
civilization  worth  while. 

To  return  to  motion  picture  machines,  we  may  sum  up  the  special 
desirable  features  of  a  machine  to  meet  conditions  on  board  a  Naval 
vessel  somewhat  as  follows: 

(a)  Designed  to  give  longest  film  life  possible. 

(b)  Arranged  for  easy  disassembly,  portability  and  stowage. 

(c)  All  operating  parts  to  be  well  protected  and  of  non-corrodible 
material  or  suitably  protected  against  corrosion. 

(d)  Ready  accessibility  for  repair  and  interchangeability  of 
spare  parts  to  be  assured. 

(e)  Large  enough  to  give  projection  suitable  for  audiences  up  to 
1000  persons,  (120  ft.  projection)  at  a  standard  film  speed  of  90  feet 
per  minute  and  to  handle  reels  of  1000  feet  only. 

(f)  To  be  as  fool-proof  and  require  as  little  maintenance  expense 
as  possible. 

The  testing  of  commercial  machines  to  ascertain  how  nearly 
they  meet  our  needs  and  to  collect  data  for  suitable  specifications  has 
been  carried  out  at  the  Nav3r  Yard,  New  York,  over  a  period  of  about 
one  year  and  is  still  in  progress.  A  fully  equipped  photometric  section 
was  here  available  in  the  laboratory  which  was  deemed  the  best 
equipped  place  to  handle  this  problem. 

A  14'  x  14'  standard  screen  of  plaster  finished  mat  white  was 
supplied  with  a  throw  of  100  feet.  Such  a  screen  is  easily  maintained 
at  its  maximum  efficiency  and  while  not  ideal,  is  used  as  a  100% 
screen.  By  comparison  other  screens  will  be  rated  against  this  one, 
which  of  course,  may  give  some  types  a  rating  of  over  100%. 

When  a  machine  comes  in  for  test,  it  is  fully  adjusted  by  a 
representative  of  the  manufacturers  on  the  test  floor  and  as  soon  as 
he  has  adjusted  it  to  his  full  satisfaction,  it  is  taken  over  for  official 
test  and  considered  100%  perfect  for  that  particular  type. 

Tests  for  steadiness  of  projection  are  made  first.  Such  tests  are 
made  rather  critical  by  taking  the  picture  jump  at  the  full  100  foot 
projection. 

The  picture  jump  seems  by  analysis  to  be  the  result  of  two  con- 
tributing factors;  one  due  to  machine  and  building  vibration  ana  one 
inherent  with  the  film  and  mechanical  operation.  No  attempt  is 
made  to  separate  that  due  to  film  variation  and  the  operation  of  the 
machine,  as  the  first  is  compensated  for  by  using  the  same  film  on  all 
machines. 

Standard  film  for  this  purpose  has  been  adopted  and  standardized, 
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and  consists  of  a  light  struck  and  developed  negative  perforated  by 
two  rows  of  1  m.m.  holes,  about  eight  per  aperture.  Sprocket 
perforations  are  standard  and  made  prior  to  developing.  A  small 
brass  plate  perforated  in  the  same  way  as  the  film  is  first  projected 
with  no  mechanism  in  operation  and  the  jump  of  the  holes  taken 
as  that  due  to  conditions  external  to  the  machine.  Then  the  mecha- 
nism is  started  including  shutter  and  the  jump  of  the  projected  holes 
from  the  plate  again  measured.  The  difference  between  the  two 
gives  the  unsteadiness  produced  by  the  operation  of  the  mechanism 
itself. 

Finally  the  test  film  is  threaded  through  and  the  jump  of  the 
projected  film  holes  taken  which  is  cumulative  from  all  causes. 
Data  are  thus  obtained  which  will  give  apparently  all  necessary 
information  about  the  action  of  the  machine  while  handling  film. 
A  quite  appreciable  picture  jump  appears  inherent  in  all  makes  of 
machines  and  direct  comparison  is  possible  with  very  interesting 
results. 

Attempt  is  then  made  to  determine  characteristic  film  wear  for 
each  type.  This  determination  for  the  present  is  limited  to  that 
caused  by  the  feeding  sprockets  and  intermittent  only,  take  up 
tension  not  having  been  considered  to  date.  The  latter  is  manually 
adjustable  and  wear  from  this  cause  is  more  or  less  attributable  to 
the  operator  and  not  reasonably  chargeable  to  the  machine. 

An  endless  belt  of  film  is  used  of  sufficient  length  to  just  thread 
through  the  mechanism  and  around  the  outside  of  the  head  without 
interference  when  operating.  The  mechanism  circulates  the  belt 
unilluminated  and  data  are  taken  as  to  the  number  of  revolutions  of 
the  belt  through  the  machine  before  sufficient  damage  is  done  to 
cause  breakage  of  same.  Periodic  inspection  every  50  revolutions  is 
made  and  the  condition  of  the  belt  recorded.  Belt  made  of  standard 
commercial  feature  positive  film  is  used  for  this  purpose,  thus  allowing 
various  densities  of  emulsion  and  determination  of  average  results. 
Six  belts  are  run  on  each  machine  initially,  and  experience  has  shown 
that  the  consistent  results  can  be  readily  obtained  with  reasonable 
care. 

So  consistent  have  been  the  results  obtained  that  some  important 
conclusions  seem  justified,  particularly  in  regard  to  the  design  of  the 
intermittent  movement.  Two  or  more  heads  of  each  make  of  several 
different  manufacturers  have  been  tested  and  the  results  on  any 
given  make  have  been  uniform  and  seem  to  establish  certain  inherent 
characteristics  of  the  type  in  regard  to  film  wear.  Some  points  in 
connection  with  this  will  be  discussed  later. 

After  this  initial  performance  on  film,  the  machines  are  set  up 
complete  and  given  a  run  without  film  for  200  hours  on  a  cycle  of 
8  hour  continuous  operation,  followed  by  a  16  hour  shut  down.  After 
each  shut  down  the  machines  are  completely  oiled  and  again  at  the 
start  of  an  8  hour  run.  The  object  of  this  test  was  to  obtain  only 
comparative  data,  to  bring  out  the  weakest  point  of  the  design,  and 
to  determine  the  suitability  of  bearings,  gears,  etc.  This  test  was 
strenuously  objected  to  by  some  manufacturers,  as  demanding  of  the 
machine  more  than  any  probable  service  condition.    However,  while 
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no  laboratory  test  can  be  expected  to  simulate  perfectly  service 
conditions,  such  a  test  does  give  in  a  reasonable  time,  a  very  good 
indication  of  probable  service  life,  under  ordinary  operation  in  the 
hands  of  the  "run  of  the  mine"  operator. 

If  a  mechanism  under  service  conditions  received  all  the  care  and 
attention  its  designer  recommended,  operating  expense  would  be 
increased  a  few  hundred  percent  but  it  would  probably  have  a  long  and 
useful  service  life.  Unfortunately  for  the  proud  designer,  his  product 
does  not  always  lead  a  sheltered  existence  under  tender  care  but  must 
bear  up  under  the  hard  knocks  of  the  world  and  the  neglect  of  a  hard 
hearted  operator. 

At  the  end  of  this  200  hour  run,  picture  jump  and  general  stead- 
iness is  again  taken.  The  differences  in  the  operation  at  this  time 
compared  with  the  prior  results  are  considered  a  measure  of  the  wear 
and  probable  service  life. 

After  this  second  set  of  data  has  been  obtained  the  machine  is 
thoroughly  inspected  and  gauged.  A  representative  of  the  manufac- 
turer is  then  allowed  to  completely  overhaul  and  adjust  the  machine, 
renewing  any  parts  he  deems  necessary.  This  is  done  under  the 
supervision  of  the  test  personnel  and  all  work  done,  replacements, 
alterations  of  settings  found  necessary,  etc.,  are  recorded.  When 
pronounced  again  in  perfect  condition  by  the  exhibitor,  the  picture 
jump  and  film  wear  tests  with  the  belts  is  again  taken  and  compared 
with  the  previous  data. 

In  many  cases  it  has  been  found  that  the  readjusted  machines 
give  considerably  better  performance  than  they  did  originally. 
This  seems  to  indicate  that  better  and  more  consistent  machines 
could  be  placed  in  service  generally  if  manufacturers  ran  in  their 
machines  thoroughly  after  assembly  as  a  part  of  regular  factory 
routine,  and  made  sure  that  they  were  properly  adjusted  before 
sending  them  out.  This,  of  course,  applies  to  almost  any  equipment 
and  it  is  realized  adds  to  cost  of  production.  However,  it  is  men- 
tioned here  for  the  benefit  of  those  interested  both  from  a  manu- 
facturer's and  from  an  operator's  standpoint  and  indicates  one 
direction,  at  least,  in  which  improvement  can  be  expected  in  present 
machines.  It  is  probable  that  a  Navy  specification  will  call  for 
some  such  procedure  before  acceptance  on  delivery. 

Considering  that  repairs  in  the  field  are  always  so  difficult  and  un- 
satisfactory and  interruptions  to  service  so  expensive,  it  appears 
that  commercial  users  would  find  such  a  run-in  test  most  desirable 
and  would  insist  upon  something  of  this  nature  when  buying  equip- 
ment. Our  tests  have  satisfied  us  at  least  that  it  would  be  a  paying 
proposition  regardless  of  some  slight  addition  to  first  cost. 

Our  tests  have  led  us  to  investigate  rather  thoroughly  the 
design  of  the  intermittent  movement  and  its  relation  to  film  wear. 
Commercially  film  wear  perhaps  is  not  such  a  vital  factor  in  a 
machine.  The  Navy  purchases  its  film  and  hence  its  interest  in 
this  important  characteristic. 

The  intermittent  movement  is,  of  course,  the  very  heart"  of 
the  mechanism,  and  probably  the  most  important  single  factor 
controlling  film  wear  as  well. 
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Curves  (Figure  1)  are  presented  herewith  showing  the  character- 
istics of  three  ordinary  Geneva  Star  and  Cam  movements  of  slightly 
different  design  for  purposes  of  comparison,  and  also  the  curve  for 
the  so  called  eccentric  Geneva  Star  and  Cam  movement.     These 
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curves  have  been  worked  out  mathematically  and  plotted  according 
to  a  formula  evolved  for  the  purpose.  The  derivation  will  not  be 
gone  into  here  but  can  be  furnished  for  anyone  interested. 

The  life  of  the  film  with  each  of  the  three  designs  of  ordinary 
Geneva  Star  movements  here  shown  has  been  carefully  taken  and 
same  found  to  vary  consistently  with  easy  modification. 

While  it  is  realized  that  the  faster  the  movement  the  more  light 
will  be  possible  at  the  screen  and  theoretically  the  better  will  be 
the  projection,  practically  no  great  difference  was  realized  with  the 
three  designs  shown.  But  the  film  wear  was  increased  whenever  the 
design  departed  from  the  full  90°  cam  action  with  the  star  and  pin 
meshing  on  the  tangent  to  the  driving  pin  circle  and  pin  leaving 
the  star  in  the  same  way. 

This  design  incorporates  a  mathematical  1  to  1  ratio  between 
the  diameter  of  the  star  over  the  points  and  the  pin  circle  of  rotation. 
These  dimensions  and  the  relative  dimension  of  all  other  parts  of 
this  movement  must  be  made  with  the  greatest   accuracy  humanly 
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possible  to  produce  the  exact  tangential  meshing  necessary  for 
satisfactory  results.  And  this  form  is  apparently  the  ideal  arrange- 
ment for  starting  a  body  from  rest,  accelerating  it  through  a  maxi- 
mum speed  point  and  again  bringing  it  to  rest,  without  shock  01 
sudden  strain  at  any  part  of  the  operation. 


Fig.  2.    Photographic  Record  of  Film  Wear  on  Five  Different  Test  Belts  on  the 

Same  Machine.     Belts  are  About  Six  Feet  in  Total  Length  and  the 

Average  Passes  Through  the  Machines  Before  Complete  Failure 

was  350  on  Type  Shown.    Some  Machines  have  Shown 

as  High  as  2000  Passes  Before  Failure 


It  may  be  noted  from  the  curves  given  that  the  90°  movement 
starts  and  stops  with  smoothly  graded  acceleration  and  deceleration. 
The  inertia  of  the  film  is  overcome  smoothly  in  starting  and  in 
stopping  with  this  movement.  All  the  others  show  abrupt  changes 
in  velocity  in  either  starting,  stopping  or  both — in  other  words, 
marked  jerks  on  the  film  are  the  result  of  each  of  these  operations. 

Both  theoretical  and  practical  results  have  demonstrated  to 
our  satisfaction  the  superiority  of  the  90°  Geneva  Star  and  Cam 
in  prolonging  film  life  though  at  the  same  time  producing  lower 
screen  illumination.  With  it  the  shutter  must  be  dark  at  least  180°, 
and  in  ordinary  practice  is  usually  somewhat  more.  The  light 
efficiency  using  this  type  seems  to  be  about  42%,  that  is  with  the 
mechanism  in  operation  the  illumination  on  the  screen  proves  to 
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be  about  that  percentage  of  the  light  on  the  screen  with  mechanism 
stopped. 

Of  course,  the  greatest  screen  illumination  with  the  least  power 
consumption  is  always  desirable.  To  accomplish  increased  intensity 
by  decreasing  the  angular  mesh  of  the  star  and  pin  and  the  consequent 
allowed  increase  of  open  interval  on  the  shutter,  is  to  sacrifice  film 
life  to  increased  screen  illumination.  It  is  easily  seen  that  a  compro- 
mise is  necessary  based  on  whatever  may  be  considered  the  para- 
mount demand  of  the  service  to  which  applied. 

The  gain  in  screen  illumination  between  the  faster  intermittent 
of  70°  shown  on  the  given  set  of  curves  over  that  of  the  90°,  has 
been  proved  by  our  tests  to  be  about  7%.  So  it  seems  that  a  very 
considerable  increase  of  film  wear  must  be  shouldered  to  gain  a 
very  small  percentage  in  light  at  the  screen. 

Perhaps  at  one  time  the  fast  intermittent  was  of  some  value  in 
producing  steady  pictures,  as  the  previous  projection  speeds,  we 
understand,  seldom  exceeded  about  60  ft.  per  minute.  Hence,  a 
slow  type  of  intermittent  at  this  projection  speed  might  have  pro- 
duced unsteadiness  to  a  greater  extent. 

At  90  to  100  feet  per  minute,  however,  following  the  increased 
photographic  rate,  the  1  to  1  intermittent  has  proved  entirely 
satisfactory,  in  so  far  as  our  tests  are  concerned,  with  respect  to 
film  steadiness  and  very  superior  with  respect  to  film  wear  and 
machine  wear  as  well. 

It  can  be  shown  that  the  angular  speed  of  the  star  at  any  instant 
is  equal  to  the  product  of  the  instantaneous  speed  of  the  pin  by  the 
sine  of  the  angle  subtended  between  the  tangent  to  the  pin  circle 
and  the  center  line  of  the  star  slot  along  the  star  radius.  With  the 
90°  movement  the  speed  at  the  point  of  first  contact  is  zero.  In 
the  case  of  the  80°  movement,  for  example,  which  makes  contact 
5°  later,  an  abrupt  change  of  velocity  is  produced  instantly  from 
zero  to  the  5°  velocity  of  the  90°  movement,  thus  giving  the  marked 
jerk  mentioned.  A  similar  effect  occurs  at  the  stop.  Consideration 
of  these  points  will  make  the  curves  clear. 

A  further  interesting  result  in  the  use  of  the  90°  movement 
is  that  the  required  accuracy  in  adjustment  of  the  tension  shoes 
is  far  less  than  that  demanded  by  the  faster  types.  With  the  former, 
this  attachment  has  little  to  do  beyond  holding  the  film  firmly  to 
the  aperture  and  giving  some  slight  braking  action  to  the  mass  of 
the  film  already  brought  to  a  stop  by  the  action  of  the  intermittent. 
With  the  faster  types,  the  setting  of  the  tension  shoes  seems  very 
critical,  as  they  are  called  upon  not  only  to  accomplish  the  above 
but  in  addition  must  stop  the  whole  moving  film  instantly  as  the 
faster  intermittent,  because  of  its  design,  does  not  effectively  do 
this.  The  film  is  not  brought  gradually  to  a  full  stop  but  must 
in  effect  stop  itself  when  the  intermittent  disengages,  as  may  be 
noted  from  the  curves.  It  appears  also  that  unsteadiness  of  picture 
is  more  likely  to  result  from  the  fast  intermittent  than  the  slow 
one  if  an  operator  is  not  especially  careful  in  setting  the  tension  shoes 
to  prevent  the  film  over-riding  the  aperture.    If  shoes  are  set  over 
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tight  then  film  wear  is  increased  with  possible  tearing  of  film  and 
interruption  to  service. 

We  have  been  informed  that  adjustable  tension  is  necessary  to 
compensate  when  using  old  or  new  film.  With  the  slow  intermittent 
our  results  have  indicated  satisfactory  performance  on  all  film 
tried  with  no  variation  in  adjustment  at  all.  With  the  fast  types 
this  was  not  the  case  and  adjustment  for  new  and  old  film  was 
necessary.  Soft  new  film  having  a  higher  coefficient  of  friction, 
of  course  required  less  tension  on  the  shoes  to  accomplish  their 
function  as  explained.  Shoes  set  for  old  film  tore  new  film,  and 
those  set  for  new  film  allowed  picture  jump  with  old.  It  seems 
then  that  deficiencies  in  design  of  the  intermittent  are  compensated 
by  adding  an  adjustable  device  which  requires  very  critical  adjust- 
ment by  the  operator  for  each  kind  of  film  run  to  insure  entirely 
satisfactory  service. 

The  foregoing  are  some  of  the  reasons  why  we  feel  convinced 
that,  for  our  purposes,  only  the  90°  Geneva  Star  and  Cam  will  meet 
the  requirements.  This  intermittent  which  has  been  previously 
referred  to  as  the  1  to  1  based  on  ratio  of  star  and  pin  circle  diameters 
is  the  same  as  is  sometimes  referred  to  as  the  1  to  3,  based  on  the 
ratio  of  time  of  moving  to  the  stopped  periods  per  revolution.  It 
is  hoped  no  confusion  will  be  introduced  by  the  phraseology  used. 

Closely  connected  with  the  intermittent  problem  in  the  quality 
of  projection  and  film  life  appears  the  sprocket  design.  This  seems 
to  have  been  pretty  well  worked  out  by  the  Eastman  Kodak  Com- 
pany, on  the  standard  film  perforation,  considering  film  shrinkage, 
etc. 

However,  our  tests  have  revealed  no  machine  submitted  which 
actually  followed  the  data  of  the  above  named  company  in  their 
sprocket  design. 

The  length  of  the  arcs  of  film  contact  on  the  various  sprockets 
does  not  seem,  in  general,  to  have  received  much  consideration  and 
certainly  no  standardization.  One  make  only  appears  to  have 
given  it  consideration  really  worth  while. 

The  more  teeth  in  mesh  the  greater  will  be  the  effect  of  the 
film  change  through  shrinkage  and  unless  this  is  compensated 
serious  film  damage  seems  likely  to  result. 

It  is  hoped  that  the  general  question  of  intermittent  design 
has  not  been  too  much  stressed.  It  is  not  meant  by  this  to  convey 
the  impression  that  many  other  things,  such  as  framing,  shutter 
design,  sprockets,  etc.  are  not  thought  to  be  of  great  importance  in 
efficient  projection.  It  is  only  that  the  intermittent  is  believed  to 
be  of  the  greatest  importance  for  our  purposes. 

Commercially  perhaps  the  cost  of  film  is  not  greatly  considered 
and  the  amount  of  film  damage  chargeable  to  a  given  design  is  not 
readily  apparent.  But  unless  film  producers  are  running  for  charity, 
the  operators  must  be  paying  the  combined  cost  of  an  enormous 
amount  of  uselessly  damaged  film  through  increased  film  rental 
charges. 

The  automobile  engineer  did  not,  in  the  early  history  of  the 
industry,  consider  to  any  great  extent  tire  mileage  nor  the  effect 
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of  his  design  to  increase  or  decrease  it.  Today  it  is  one  of  the  first 
considerations  of  design  and  one  of  the  first  questions  asked  by  a 
prospective  purchaser. 

The  Navy  is  trying  to  standardize  many  of  the  machine  acces- 
sories for  its  use  at  the  same  time.  Projection  distance  will  be 
standardized  for  the  different  types  of  ships  and  the  size  of  screen, 
and  the  lens  features  and  general  characteristics  will  also  be  made 
standard. 

Condensers  seem  at  the  present  time  to  be  more  or  less  in  the 
development  stage.  Some  recent  very  radical  changes  indicate  no 
general  fixed  commercial  policy  concerning  this  feature.  Machines 
in  service  are  subjected  to  most  severe  changes  in  temperature  and 
it  is  to  be  hoped  that  a  suitable  heat  resisting  glass  will  soon  be 
available. 

The  greatest  advantage  to  be  gained  in  a  more  or  less  complete 
standardization  is  simplicity  in  the  stocking  and  distribution  of 
spare  parts  and  accessories  to  our  widely  separated  projection 
stations  about  the  seven  seas  and  to  increase  the  efficiency  of  opera- 
tors and  repair  personnel  through  restriction  in  the  number  of 
types  used.  Finally  it  is  hoped  that  economy  in  first  cost  and 
maintenance  expense  of  machines  and  film  will  naturally  follow  stand- 
ardized practice. 
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HEAT  PROTECTION  OF  MOTION  PICTURE  FILM 
By  E.  D.  Tillyer 

ALL  films  used  in  motion  picture  projection  contain  organic 
materials  which  will  be  damaged  or  destroyed  by  excessively 
high  temperatures.  This  applies  both  to  the  inflammable  and 
to  the  noninflammable  films;  the  difference  is  mainly  the  kind  of 
damage.  One  type  of  film  may  stand  a  little  higher  temperature  be- 
fore damage  than  another,  but  both  are  within  what  might  be  called 
the  easily  damaged  zone. 

The  heat  reaches  the  film  in  two  ways:  first,  by  conduction  and 
convection;  and  second,  by  radiation.  In  a  well-designed  machine, 
this  first  source  of  heat  should  be  entirely  negligible  and  is  small  in 
almost  all  machines.  The  second,  radiation,  is  the  source  which  causes 
the  most  damage  to  the  film  and  is  the  more  difficult  to  control. 

Any  ordinary  source  of  light,  such  as  an  arc,  or  concentrated 
filament  tungsten  lamp  radiates  energy  of  all  wave  lengths:  that  is, 
some  short  waves  (ultra-violet);  some  longer  as  the  violet,  blue, 
green,  yellow,  orange,  and  red  of  the  visible  spectrum;  and  some 
still  longer,  known  as  the  infra-red  or  heat  rays  which,  when  strong- 
enough,  manifest  themselves  as  heat  to  the  back  of  the  hand  or  face. 
No  matter  which  one  of  these  wave  lengths  falls  upon  the  film,  if  it 
is  absorbed  by  the  film  (i.e.  the  film  is  a  title  or  black,)  it  will  appear 
in  the  film  as  heat  energy.  The  only  useful  part  of  this  energy  is  in 
the  visible,  all  the  rest  is  waste  energy  and  objectionable. 

If  we  consider  only  the  visible  part  of  the  spectrum,  having 
removed  theoretically  all  the  rest,  we  find  that  certain  parts  of  the 
visible  appear  brighter  to  the  eye  than  other  parts,  even  when  there 
is  the  same  energy  in  each  part.  This  region  of  maximum  sensitivity 
of  the  eye  is  in  the  green  at  a  wave  length  of  0.55  microns  to  0.56 
microns,  and  would  be  the  ideal  region  for  use  in  projection  of  "black 
and  white"  pictures  where  protection  against  heating  of  the  film  is 
desired  above  all  else.  Of  course,  the  "white"  parts  of  the  film  would 
be  green,  and  absolutely  no  other  colors  could  be  shown.  For  this 
region  of  the  spectrum  one  lumen  is  0.0015  watts,  or  a  uniform  point 
source  emitting  one  candle  of  wave  length  0.55  microns  to  0.56 
microns  would  require  only  0.02  watts.  Consequently,  if  all  this 
energy  were  absorbed  by  a  film  we  would  have  a  heating  of  the  film 
by  one  candle  to  the  same  temperature  as  it  would  be  if  electrical 
energy  of  0.02  watts  were  put  through  a  resistance  in  the  film. 

If  we  could  find  a  source  of-  light  which  emitted  only  mono- 
chromatic energy  of  this  wave  length  (0.55  microns),  we  would  have 
a  source  100%  efficient  in  the  production  of  light,  and  consequently 
100%  efficient  in  keeping  the  film  cool.     This  light  would  be  fifty 
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candles  per  watt  at  the  film  and  would  heat  the  film  very  much  less 
than  anything  known  at  present.  Such  a  monochromatic  source 
would  be  valueless  for  projecting  anything  but  black  and  white,  or 
rather  black  and  green. 

The  next  best  type  of  illuminate  would  be  a  black  body  at 
6000°C,  the  normal  white  light.  The  radiant  efficiency  of  this 
(Coblentz)  is  14%  or  equivalent  to  only  0.14  watts  per  candle  or 
7  candles  per  watt.  By  the  proper  use  of  filters  eliminating  the 
invisible  radiations  at  the  ends  of  the  spectrum,  the  heating  effects 
at  the  film  of  such  a  source  could  be  reduced  to  perhaps  0.05  watts  per 
candle.  Unfortunately  we  haven't  such  an  ideal  source.  Note  that 
this  filtering  would  not  increase  the  efficiency  of  the  illuminate,  but 
merely  reduce  its  heating  effect. 

The  best  filter  yet  made  for  the  elimination  of  the  infra-red 
radiations  is  the  copper  chloride  solution  in  water  recommended  by 
Coblentz  for  laboratory  work.  This  solution  can  be  made  so  that 
practically  all  the  infra-red  is  absorbed  with  little  change  in  color. 
Like  all  absorbers,  the  solution  gets  hot  in  use,  bubbles  form  and 
finally  it  boils.  It  is  exceedingly  efficient,  especially  for  experimental 
work.  Practically,  this  filter  may  be  made  by  dissolving  copper 
chloride  in  extremely  dilute  hydrochloric  acid  until  a  very  light 
green  tint  is  reached  or  sufficient  protection  obtained. 

The  earliest  solid  filter  known  to  the  writer  was  a  polished  fine 
mesh  bronze  screen  such  as  is  used  for  sieves.  This  is  effective,  but 
reduces  the  light  as  much  as  the  heat.  In  stationary  pictures  the 
flicker  shutter  is  not  used  so  that  a  decrease  in  original  light  intensity 
of  50%  will  give  the  same  intensity  to  the  projected  picture.  Con- 
sequently a  loss  by  the  mesh  is  not  so  vital  and  there  is  some  value 
to  this  method.  This  filter  is  a  combination  absorber  and  reflector; 
it  gets  hot,  but  not  as  hot  as  an  absorber. 

There  have  been  many  more  or  less  successful  attempts  at  solid 
heat  absorbers  for  projection  work.  It  is  needless  to  review  these 
and  until  the  "Ferrous"  glass  was  produced  by  Sir  William  Crookes, 
no  efficient  heat  absorbing  glass  was  known.  This  glass  as  its  name 
indicates,  owes  its  heat  absorbing  properties  to  iron  in  the  ferrous 
state  of  oxidation.  This  is  the  basis  of  all  present  day  heat  absorbing- 
glasses  especially  those  used  in  eye  protection  goggles.  It  explains 
why  sometimes  the  hit  or  miss  type  of  protection  glasses  are  good,  but 
more  often  valueless.  Early  experiments  showed  that  this  glass  when 
properly  selected  would  protect  a  stationary  motion  picture  film  from 
destruction  by  the  heat  of  the  lamp  as  long  as  it  did  not  break.  The 
next  step  was  the  combination  of  this  ferrous  property  with  either  a 
low  coefficient  of  expansion  glass,  one  with  a  high  heat  conductivity, 
or  both.  This  is  fairly  effective  for  moderate  intensities,  and  if  care 
is  used  in  cooling,  it  will  not  break.  It  must  be  remembered  that  the 
glass  gets  hot,  very  hot,  because  it  absorbs  the  infra-red. 

The  glass  is  greenish  in  color  which  is  rather  pleasing  in  pro- 
jection, making  the  light  appear  whiter.  The  results  of  a  few  samples 
are  given  in  Table  1. 
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Table  1. 

Heat  Absorbing  Glass  2  mm.  thick 


ample 
No. 

Visual 
Trans.            Abs.* 

Tola 
Trans. 

I  energy 

Abs.* 

1 

2 
3 
4 
5 
6 

84%                9% 
83%              10% 
80%              13% 
80%              13% 

71%              23% 
60%              35% 

64% 
50% 
40% 

37% 
25% 
14% 

30% 

46% 
57% 
60% 
73% 
85% 

The  lighter  glasses  such  as  Nos.  1  and  2  would  be  of  little  value  in 
film  protection,  but  are  useful  in  spectacles.  Nos.  3,  4,  5  and  6  would 
be  effective  in  small  projection  machines  with  a  thickness  of  2  mm. 
With  higher  power  lamps,  a  thickness  of  double  that  given  would 
prove  very  effective,  providing  some  means  were  devised  to  dispose 
of  the  absorbed  heat.  Otherwise,  re-radiation  would  occur  and  the 
film  would  be  heated. 

Another  type  of  protection  filter  is  a  thin  metallic  film.  Here  we 
have  both  absorption  and  surface  reflection,  the  relative  amounts 
depending  upon  the  metal  used  and  its  state.  This  metal  must  be 
supported  by  something  transparent.  Pyrex  glass  is  good,  and  fused 
quartz  is  equally  good,  but  more  costly.  The  only  requirement  is 
that  the  support  stand  a  moderate  heat  without  danger  of  breaking, 
not  nearly  as  much  heat  as  with  Ferrous  glass  absorbing  filters.  The 
optical  properties  of  massive  metals  are  given  in  any  book  on  physical 
optics,  also  corresponding  results  for  certain  states  of  thin  or  diffused 
metals  were  worked  out  theoretically  by  Garnett  in  the  Philosophical 
Transactions  of  several  years  ago. 

The  films  of  interest  for  motion  picture  protection  are  too  thin 
to  be  treated  as  massive  metal  and  consequently  we  have  wide  depar- 
tures from  mass  theory.  It  makes  little  difference  how  the  thin  film 
is  obtained,  optical  results  are  the  same  provided  the  same  physical 
state  and  the  same  degree  of  purity  exists.  The  most  uniform  films 
so  far  have  been  obtained  by  cathodic  deposition  in  a  high  vacuum, 
or  by  vaporization.  Usually  a  combination  of  both  is  used  as  the 
simplest  and  easiest  practical  method.  Ceramic  paints  usually  give 
spotty  results  and  often  produce  diffuse  films  of  widely  different 
optical  properties. 

Many  metals  may  be  used  for  protection  purposes,  but  copper 
and  gold  are  the  most  promising,  with  gold  having  the  preference 
because  of  permanence  and  reproduetibih^y.  The  relative  infra-red 
and  visible  transmission  of  various  samples,  indicated  by  dots  are 
given  in  Figure  1.  The  data  marked  "infra-red  transmission"  ac- 
tually are  the  total  energy  from  a  200  watt  Mazda  C  screened  by 
standard  condensing  lenses,  so  that  the  figures  correspond  very  closely 
to  the  energy  reaching  a  motion  picture  film.  At  two  different  points 
the  thickness  of  the  gold  is  indicated.  For  the  benefit  of  anyone  using 
this  curve  for  theoretical  discussion,  this  thickness  was  determined 
by  the  weight  of  pure  gold  on  a  given  area  assuming  uniform  dis- 

*Corrected  for  surface  reflection  to  compare  actual  glass.  Measures  made 
with  200  watt  Type  C,  Mazda  Lamp. 
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tribution.    The  color  of  the  specimens  indicated  that  this  distribution 
existed. 

Somewhat  of  a  mean  between  the  radiant  efficiency  and  the  true 
efficiency  of  a  source  should  be  used  in  determining  heating  effect  on 
the  motion  picture  film.  As  more  data  are  available  for  true  efficiency 
(Ives,  Physical  Review,  1915)  this  will  be  quoted,  in  table  2  omitting 
the  last  figures  and  adding  watts  per  candle. 

Table  2 
Type  of  Illuminant 

Yellow  flame,  Open  arc,  10  amp.  D.  C. 
Mazda  C,  600  watt,  20  amp.  0.5  w.  p.  c. 
Mazda  C,  500  watt,  multiple  0.7  w.  p.  c. 
Carbon  arc,  Open  arc,  9.6  amp. 
Tungsten  Vacuum,  1.25  w.  p.  c. 

As  previously  stated,  the  measurements  of  the  energy  trans- 
missions of  the  film  protection  glasses  were  made  with  an  energy 
spectrum  from  a  200  watt,  Mazda  C  at  0.8  w.p.c.  which  corresponds 
very  closely  to  the  500  watt  at  0.7  w.p.c.  and  as  an  approximation 
we  will  apply  filter  values  given  to  these  lamps  for  several  glasses 
and  gold  films,  starting  with  one  watt  of  energy  at  the  source. 


Lumens 

Candles 

Watts  per 

per  watt. 

per  w. 

candle 

45 

3.6 

0.28 

20 

1.6 

0.6 

15 

1.2 

0.8 

12 

1.0 

1.0 

8 

0.7 

1.4 

Table  3 

Sample 

Watts 

Yellow  Flame 

Mazda  600 

Mazda  500 

Carbon  Arc 

transmitted 

c.  p.      cpfw 

c.  p.     cpfw 

c.  p.     cpfw 

c.  p.      cpfw 

Ferrous 

3 

.40 

2.9          7 

1.3        3 

1.0         2 

0.8             2 

6 

.14 

2.2         16 

1.0        7 

0.7        5 

0.6             4 

Film 

20% 

.20 

1.9           9 

0.9        4 

0.6        3 

0.5             2 

5% 

.05 

0.8         16 

0.4        8 

0.3         6 

0.2             4 

This  table  (3)  gives,  first,  the  watts  (energy)  transmitted  by  the 
protection  filter  for  one  watt  initial  energy.  This  first  column  (cp) 
under  each  type  of  illuminate  is  the  candle  power  per  watt  initial 
energy;  this  always  shows  a  loss,  as  unfortunately  all  these  filters 
absorb  some  visible  energy.  The  second  column  (cpfw)  gives  the 
candles  per  watt  of  energy  which  reaches  the  film,  in  other  words  the 
light  for  one  watt  energy  heating  effect  at  film. 

This  computation  is  only  approximate  and  is  an  indication  of 
what  may  be  done  with  filters  and  the  future  trend  of  development. 
With  the  Mazda  C  lamp  properly  screened,  we  have  a  means  of 
avoiding  the  heating  of  the  films  as  well  as  if  we  had  a  black  body 
radiating  at  6000°C.  Therefore,  it  is  useless  to  try  to  run  a  lamp  at 
over  voltage  and  obtain  a  corresponding  protection. 

Heat  absorbing  glass,  No.  6,  gives  almost  as  satisfactory  protec- 
tion as  a  5%  gold  film,  but,  except  with  small  sources,  it  very  soon 
gets  entirely  too  hot  and  re-radiates  heat.  The  film  reflects  the  heat 
and  remains  fairly  cool.  For  extreme  protection  a  heavy  gold  film 
is  even  better  than  the  5%  film  given.  Probably  with  increased  skill 
in  production  these  results  will  be  improved.  The  data  here  given  are 
the  ordinary  run  without  selecting  specially  good  samples,  but  all 
bad  samples  were  rejected  as  usual. 

Note — There  are  three  patents  controlled  by  the  American  Optical  Co. 
covering  the  use  of  these  screens  for  motion  picture  film  protection. 
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DISCUSSION 

Mr.  Richardson:  I  have  often  wondered  why  a  twelve  inch 
fan  could  not  be  used  and  a  sheet  of  air  blown  across  the  film.  Is  there 
any  reason  why  this  would  not  take  away  the  heat? 

Mr.  Tillyer:  If  the  heat  were  on  the  surface,  it  could  be  done 
but  there  is  a  surface  of  gelatine  on  top  and  the  heat  inside  which  must 
be  carried  out  rapidly  through  the  gelatine. 

Mr.  Richardson:  Can  the  heat  be  removed  by  blowing  air 
through  the  light  beam? 

Mr.  Tillyer:  No.    Heat  doesn't  appear  until  it  is  in  the  film. 

Mr.  L.  A.  Jones:  I  should  like  to  call  attention  to  the  fact  that 
the  film  base  with  its  gelatine  coating  is  a  very  poor  conductor  of 
heat.  In  attempting  to  measure  the  specific  heat  of  film,  we  encoun- 
tered many  difficulties  due  to  its  extremely  low  heat  conductivity. 
When  the  heated  film  was  introduced  into  the  calorimeter  and  rolled 
up  into  a  compact  roll,  it  was  impossible  to  obtain  a  temperature 
equilibrium  between  the  calorimeter  and  the  roll  of  film  in  sufficiently 
short  time  to  make  a  precise  determination  of  this  specific  heat. 
Judging  from  this  experience,  I  am  very  skeptical  as  to  the  possibility 
of  obtaining  sufficient  cooling  by  the  circulation  of  air. 

Dr.  Gage:  I  have  had  occasion  to  work  with  a  number  of  the 
same  glasses  Mr.  Tillyer  has,  and  we  have  tried  experiments  to  find 
out  the  protecting  value  of  this  heat  absorbing  glass.  If  one  takes  a 
hydrochloric  acid  solution  of  copper  chloride  in  a  water  coil  about  one 
half  inch  thick,  one  can  remove  most  of  the  radiant  energy  and  pro- 
tect the  film  from  overheating.  We  suggested  this  to  some  one  who 
wanted  to  make  a  home  motion  picture  outfit,  and  he  said:  "What 
shall  we  make  the  water  cell  of?"  The  copper  chloride  is  corrosive 
and  while  all  glass  cells  or  copper  plated  metal  cells  can  be  used,  they 
are  a  little  expensive.  Coblentz  reports  in  Bureau  of  Standards 
Paper  No.  325,  Figure  11,  interesting  measurements  on  glass  supplied 
by  Mr.  Tillyer  and  some  supplied  by  us. 

Mr.  Tillyer:  I  want  to  remark  that  Dr.  Gage  made  this  glass. 

Dr.  Gage:  Suppose  we  plot  wave  lengths  horizontally  and 
energy  transmission  vertically.  The  visible  region  of  radiation  useful 
in  projection  is  in  the  region  between  .4  microns  and  .7  microns. 
This  greenish  glass  shows  almost  complete  absorption  in  the  region 
of  one  micron  and  has  a  transmission  in  the  infra  red  at  3  microns 
and  beyond  4.  5  microns  removes  all  energy  where  all  glass  and  even 
fused  quartz  absorb  all  radiation.  With  a  glass  transmitting  78% 
of  the  visible,  we  will  get  a  transmission  of  something  like  30%  of  the 
energy.  The  transmission  of  water  is  complete  in  the  visible  but  zero 
beyond  1.5/x  (drawing)  so  by  combining  the  heat  absorbing  glass 
letting  through  about  78%  of  the  visible  light  with  water  letting 
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through  90%  of  the  visible  light,  we  can  get  an  extremely  small 
amount  of  energy  transmitted — over  70%  by  combining  the  two. 
In  fact,  if  we  put  the  heat  absorbing  glass  in  the  water  so  as  to 
eliminate  surface  reflections  we  get  78%  of  the  light  on  the  screen  and 
only  about  8%  of  the  energy.  As  Mr.  Tillyer  says,  whether  this 
will  prove  of  immense  value  or  not  remains  to  be  learned. 

Me.  Crabtree:  Have  any  attempts  been  made  to  cool  the 
water  within  the  cell?  I  think  that  if  the  water  was  circulated  through 
a  miniature  automobile  radiator  fitted  with  a  suitable  fan,  boiling 
would  be  prevented. 

Mr.  Tillyer:  I  have  made  no  experiments  with  liquids  because 
I  thought  they  were  barred.  With  Dr.  Gage's  outfit,  I  should  not 
put  any  glass  in,  but  use  2%  copper  chloride  solution  in  a  cell  two 
centimeters  thick,  which  is  almost  colorless,  lets  through  only  0.8% 
in  the  infra  red,  and  is  far  ahead  of  anything  we  can  get.  We  have 
the  most  wonderful  absorber  you  can  conceive  of.  I  have  used  a 
flask  in  place  of  condensers,  and  it  fills  the  need  and  is  nice  to  handle 
inside  the  laboratory. 
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EFFICIENCY  IN  CARBON  ARC  PROJECTION 

Br  W.  R.  Mott  and  W.  C.  Kunzmann 

/.     Current  in  Relation  to  Projection  Efficiency 

THE  efficiency  of  the  light  production  in  a  projection  arc  is 
determined  by  two  main  factors;  first,  the  intrinsic  brightness 

per  unit  of  surface  of  the  crater;  and  second,  the  effective  area 
of  the  crater.  By  effective  area  is  meant,  of  course,  the  horizontal 
projection  of  the  actual  crater  area  on  a  plane  perpendicular  to  the 
optical  axis;  and  consequently  the  angle  which  the  carbon  carrying 
the  crater  makes  with  the  optical  axis  becomes  an  important  con- 
sideration. It  is  at  once  apparent  that  right  angle  operation  of 
any  carbon  is  a  material  factor  in  its  light  producing  efficiency. 

The  actual  crater  brightness  of  various  light  sources  is  shown 
in  Table  1,  from  which  it  is  evident  that  the  carbon  arc  has  the 
greatest  brightness  per  unit  area  of  any  known  light  source  and 
hence  becomes  ideal  for  picture  projection.  The  positive  crater 
of  the  ordinary  carbon  arc  is  about  three  times  as  bright  as  molten 
tungsten,  which  in  turn  is  the  upper  limit  of  the  brightness  of  the 
incandescent  lamp.  This  factor  augments  the  supremacy  of  the 
arc  where  optimum  illumination  or  long  throws  are  desired. 

Table  1 
Intrinsic  Brightness  of  Light  Sources 
Light  Source  Candle  Power 

per  sq.  mm. 

High  Intensity  White  Flame  Carbon  Arc,  Forced 1200 

Pure  Carbon  Arc  at  22  Atmospheres      about 1000 

Sun  at  Zenith 920 

High  Intensity  White  Flame  Carbon  Arc,  as  usually  operated .   690 

Positive  Crater  of  Tantalum  Arc     about 500 

Positive  Crater  of  Solid  Carbon  Arc,  on  D.  C 180 

Positive  Crater  of  Cored  Carbon  Arc,  on  D.  C 130 

Yellow  Flame  Arc  Stream 8 

Magnetite  Arc  Stream 6.2 

Mercury  Vapor  Tube 0. 023 

Moore  Carbon  Dioxide  Tube 0.009 

The  brightness  of  the  positive  crater  of  a  carbon  arc  is  fixed 
by  the  sublimation  or  vaporization  temperature  of  carbon,  and  is 
consequently  a  definite  and  constant  value.  For  just  as  water  in  an 
open  pan  cannot  be  raised  to  a  higher  temperature  than  its  boiling 
point,  so  carbon  cannot  be  heated  higher  than  its  vaporization  or 
sublimation  point  at  atmospheric  pressure.  By  using  increased 
pressure,  however,  the  vaporization  temperature  can  be  raised  and 
hence  the  crater  brightness  can  be  increased,  though  a  practical 
method  of  applying  this  principle  has  yet  to  be  invented.    Another 
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method  of  securing  high  intrinsic  brightness  is  the  High  Intensity 
carbon  arc  using  flame  chemicals  which  has  been  developed  com- 
mercially, as  is  hereafter  shown. 

With  the  ordinary  carbon  arc,  the  crater  brightness  has  been 
found  so  constant  and  reproducible  that  it  has  been  proposed  as  a 
standard  of  light.  This  is  quite  contrary  to  the  sensitivity  of  the 
incandescent  lamp  to  fluctuations  in  line  voltage,  and  is  due  to  the 
fact  that  the  intrinsic  brightness  of  the  carbon  crater  is  independent 
of  arc  voltages,  so  long  as  a  sufficient  voltage  for  arc  stability  is 
maintained.  It  naturally  follows  that  due  to  the  constancy  of  the 
brightness  of  the  positive  crater,  the  light  available  from  a  carbon 
arc  is  nearly  proportional  to  the  crater  area. 

At  the  surface  of  the  positive  crater,  energy  is  supplied  chiefly 
as  the  product  of  current  and  anode  voltage,  the  anode  voltage 
naturally  varying  from  35  to  40  volts  with  the  usual  carbon  arc. 
This  energy  is  dissipated  in  the  following  three  channels :  (1)  radiated 
energy,  including  infra  red,  visible  light,  and  ultraviolet,  (2)  loss  of 
heat  through  conduction  by  the  carbon,  and  (3)  the  latent  heat  of 
vaporization  of  the  carbon  itself.  In  a  high  grade  lampblack  carbon 
the  heat  conduction  loss  is  made  very  small,  with  the  consequence 
that  the  radiant  energy  may  equal  half  of  the  total  energy  supplied 
at  the  positive.  This  radiant  energy  is  emitted  at  the  enormous  rate 
of  135  watts  per  square  millimeter  of  the  positive  crater  surface.  If 
the  electrode  were  made  of  graphite  there  would  be  an  inherently 
high  conductivity  so  that  the  positive  crater  would  become  very 
small — (about  one  third  of  the  area  of  the  crater  of  a  good  lampblack 
carbon).  Carbon  materials  for  projection  use  are  therefore  selected 
largely  because  of  their  low  heat  conductivity  and  consequent 
ability  to  permit  high  concentrations  of  heat  energy.  With  the  usual 
carbon  arc  the  evaporation  of  carbon  is  a  minor  factor,  though  it  is 
possible  by  using  carbons  of  a  small  diameter  at  excessive  current 
densities,  to  make  the  evaporation  factor  a  major  one. 

One  of  the  important  assets  of  the  carbon  arc  is  its  flexibility, 
permitting  wide  adjustment  of  screen  light  by  changes  in  the  current. 
This  is  especially  important  with  dark  or  colored  films  where  the 
same  arc  lamp  may  be  satisfactorily  used  over  a  wide  range  of 
conditions.  The  relations  of  carbon  diameter  and  amperage  to 
candle  power  we  will  now  develop  more  fully,  as  of  special  interest 
to  the  projection  engineer. 

While  the  crater  area  (and  hence  the  light)  increases  with  the 
current,  it  also  depends  to  a  surprisingly  high  degree,  on  the  carbon 
size.  The  relation  of  carbon  size  to  crater  area  with  a  constant  current 
is  shown  in  Fig.  1,  in  which  it  will  be  noticed  that  the  positive  crater 
diameter  (and  hence  the  area)  falls  off  with  all  the  smaller  carbons 
and  passes  through  a  maximum  with  the  large  solid  carbons.  With 
the  small  carbons,*  a  high  current  density  results  from  the  concentra- 

*With  very  small  carbons,  the  diameter  of  the  crater  over  its  actual  surface 
is  greater  than  the  diameter  of  the  carbon.  This  peculiar  result  is  explained  by 
the  crater  overlapping  the  sides  of  the  carbon  like  a  cap  making  the  true  crater 
area  greater  than  the  cross-section  area  of  the  carbon,  and  hence  the  true  crater 
diameter  greater  than  the  diameter  of  the  carbon. 
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tion  of  current  on  the  electrode  tip,  the  crater  area  being  naturally 
limited  by  the  size  of  the  carbon.  With  the  largest  carbons,  the 
crater  area  is  reduced  from  its  maximum  because  of  the  heat  con- 
ductivity of  the  large  mass  of  carbon  behind  the  crater.  There  are 
also  given  results  under  like  conditions  for  a  neutral  cored  carbon  and 
a  solid  flame  carbon,  both  of  which  give  smaller  craters  than  the 
solid  carbons. 
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For  the  sake  of  increased  arc  steadiness,  it  is  customary  to  use 
cored  positive  carbons.  For  the  negative  we  recommend  a  small 
carbon  plated  with  a  metal  of  an  oxidation  resisting  character  to 
give  high  current  carrying  capacity.  The  object  of  the  small  negative 
is  the  decrease  in  the  interception  of  light  from  the  positive ;  a  second 
effect  is  to  hold  the  positive  crater  in  a  constant  position  which 
permits  a  slightly  lower  arc  voltage  to  be  employed.  This  combina- 
tion is  an  American  invention  of  considerable  merit.  For  very  high 
currents,  metal  plated  cored  negatives  may  be  substituted  for  the 
solid. 

The  sizes  of  positive  projector  carbons  commonly  recommended 
for  different  currents  are  shown  graphically  in  Fig.  2.  An  examina- 
tion of  the  sizes  of  carbons  most  extensively  sold  over  a  period  of 
years  indicates  a  very  marked  tendency  toward  the  use  of  high 
current  arcs,  together  with  the  increased  use  of  direct  current.  Where 
common  practise  several  years  ago  was  the  35-50  ampere  arc  (D.C.) 
the  present  demand  is  largely  for  arc  ratings  of  from  75  to  over  100 
amperes.  This  movement  towards  higher  amperages  may  be  shown 
to  parallel  that  of  larger  and  better  theatres. 
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For  equal  amperages,  direct  current  gives  over  twice  the  light  of 
alternating  current,  which  is  a  valid  reason  for  changing  to  direct 
current.  Moreover,  theatre  managers  have  come  to  realize  that 
large,  bright  pictures  in  a  theatre  which  is  itself  well  lighted  secure 
the  most  and  best  paying  patronage.  The  expense  of  the  projection 
lighting  is  such  a  nominal  percentage  of  the  box  office  receipts  that  it 
is  indeed  false  economy  to  try  to  operate  with  anything  except  the 
best  light  sources.  A  high  amperage  carbon  arc  results  in  the  best 
and  the  most  light,  together  with  a  white  quality  thereof,  which 
means  the  most  clear  definition  of  the  picture. 

To  the  projection  engineer,  it  is  important  to  know  how  the 
light  varies  with  the  current,  because  a  slight  increase  in  current  may 
mean  a  considerable  gain  in  candle  power.  This  will  now  be  analyzed 
as  regards  (a)  the  light  produced  at  the  arc,  (b)  the  transmission  of 
the  optical  system,  and  (c)  the  light  delivered  at  the  screen. 

The  light  produced  depends,  as  we  have  said  before,  upon  the 
crater  area.  By  using  larger  carbons  of  the  proper  size  for  the 
larger  currents,  it  is  found  that  crater  area  increases  more  rapidly  than 
current.  In  fact  it  may  be  shown  that  when  the  current  is  doubled 
the  crater  area  is  increased  approximately  2.5  times.  The  effect  of 
this  becomes  impressive  when  wide  ranges  of  current  are  considered. 

The  relation  of  current  to  crater  area  and  to  candle  power  is 
shown  in  Figs.  3  and  4.  The  curves  of  Fig.  3  may  be  represented  by 
equations  (1)  and  (2)  while  the  curve  for  Fig.  4  may  be  represented  by 
equation  (4). 


Crater  area  =  0.07 +0.0047O4 
Crater  area  =  0.07 +0.0047C1-35 
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A  series  of  tests  was  made  of  the  positive  crater  area  of  direct 
current  trims  with  the  following  results : 

Table  2 
Positive  Crater  Area  at  Different  Currents 
Size  of  Carbon  Amperage  Crater  area  in  square  inches 

inches  -  Observed  Calculated  from 

equation  (3) 
V2  25  .05  .06 

Vs  35  .08 

Y%  50  .15  .15 

%  60  .16 

%  80  .33 

%  100  .37  .37 

If  the  current  be  doubled,  the  crater  area  theoretically  increases 
2.46  times,  and  it  may  be  seen  that  the  calculated  and  observed 
values  check  reasonably  well. 

The  crater  area  in  square  inches  =  KC1 3  (3) 

in  which  C  =  current  in  amperes  and  K  =  . 00092,  a  constant  which 
has  been  calculated  for  Columbia  carbons  only. 

The  candle  power  of  the  arc  follows  a  curve  similar  to  that  of  the 
relation  of  crater  area  to  current.  This  is  illustrated  in  Fig.  4,  the 
equation  for  candle  power  being  as  follows : 

Candle  Power  =  51.4C1-4  (4) 

Here  C  is  amperes  of  direct  current  and  the  exponent  of  the 
current  is  again  1.4.  When  the  current  is  doubled,  the  candle  power 
increases  2.55  times. 

These  two  types  of  equation  are  given  as  a  matter  of  interest. 
They  differ  in  form  due  to  their  application,  in  that  equations  (1), 
(2)  and  (4)  refer  more  particularly  to  searchlight  carbons  and  have 
their  terms  expressed  in  metric  units,  whereas  equation  (3)  is  derived 
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from  projection  carbon  operation  and  its  terms  are  expressed  in 
English  units. 

In  Fig.  5  the  behavior  of  the  optical  system  with  increasing 
area  of  light  source  is  shown.  With  small  areas  of  light  source,  the 
delivered  light  increases  proportionally  to  the  area  until  the  edges 
of  the  light  source  are  beyond  the  optical  reach  of  the  light  collecting 
system.  Light  generated  by  a  crater  of  larger  size  than  can  be 
accommodated  by  the  optical  system  is  wasted. 


Fig.  6.   -Screen  Candle  Power  in  Relation  to    Current 
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The  combination  of  the  curve  of  efficiency  of  the  optical  system 
and  the  curve  of  the  efficiency  of  the  original  light  source  gives  a 
compound  curve  as  shown  in  Fig.  6.  At  first  the  screen  light  increases 
very  rapidly  with  the  increased  current  aud  then,  because  of  condi- 
tions in  the  optical  system,  the  rate  of  increase  is  diminished.  It  is 
important  to  note  that  a  change  of  optical  system  will  change  the 
resultant  efficiency  and  a  suitable  lens  combination  is  consequently 
a  valuable  asset. 

The  results  shown  in  Fig.  6  are  for  a  particular  optical  system. 
It  is  not  claimed  that  the  best  carbon  setting  was  obtained,  for  skilled 
projectionists  can  often  show  surprising  gains  in  candle  power  over 
laboratory  operators.  The  curve  illustrates,  however,  the  marked 
gain  in  candle  power  for  small  increases  at  the  lower  currents  and  the 
correspondingly  lesser  gains  at  currents  around  one  hundred  amperes. 
This  relation  for  different  amperage  ranges  expressed  in  percent 
increase  in  screen  candlepower  is  shown  in  the  following  Table  3. 
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Table  3 


Current  Increase 

%  Gain  in  Screen 

{Amperes) 

Candle-power 

From              To 

30                50 

160 

50                70 

46 

70                90 

18 

90              110 

15 

110              130 

12.5 

II.     Optical  System  in  Relation  to  Projection  Efficiency 

The  optical  system  as  commonly  used  in  projection  has  seen 
very  little  improvement  in  the  last  twenty  years,  and  it  is  quite 
probable  that  a  serious  study  could  double  the  efficiency  by  using  a 
larger  angle  of  the  light  produced  and  changing  the  condenser 
accordingly. 

The  facing  of  the  positive  craters  as  in  the  right  angle  lamp 
means  about  40%  gain  in  screen  candle  power.  This  idea  has  been 
incorporated  in  the  high  intensity  arc  lamp,  and  was  utilized  in  the 
Jenkins'  four  electrode  lamp,  in  Porter's  magnetic  right  angle  lamp 
and  in  a  recent  lamp  with  a  rotating  negative  and  a  stationary  positive 
(Monclaire,  Garborini  and  Gantier,  XL  S.  patent  1,390,456,  Sept. 
13,  1921).  These  arrangements  have  the  effect  of  increasing  the 
utilized  area  of  the  crater. 

The  next  step  would  be  to  bring  the  condenser  closer  to  the  light 
source  and  to  change  the  design  of  the  condenser  so  as  to  utilize  the 
increased  solid  angle  of  light.  The  objection  to  this  would  be  in- 
creased breakage  and  pitting  of  the  glass  because  of  the  nearness  of 
the  arc,  but  these  effects  could  be  prevented  at  least  in  part  by  using 
pyrex  glass  or  even  quartz  for  the  condenser.  A  scheme  of  this  kind 
would  probably  double  the  light  delivered  to  the  screen. 

Another  possible  device  would  be  the  use  of  a  mirror  light 
collector.  Under  these  conditions  a  15  ampere  carbon  arc,  with  a 
reflector  has  been  reported  to  equal  a  75  ampere  carbon  arc  with  the 
usual  condensers.  The  increased  solid  angle  is  the  answer.  (This 
subject  has  been  well  discussed  by  R.  B.  Chillas,  Jr.)  (See  111.  Eng. 
Soc.  Proceedings,  vol.  11,  page  1097.) 

III.     Flame  Materials  in  Relation  to  Projection  Efficiency 

Flame  materials  are  used  in  the  White  Flame  A.  C.  projector 
carbon  and  in  the  White  Flame  High  Intensity  D.  C.  carbon,  both  of 
which  are  covered  by  American  and  foreign  patents.  The  first  to  be 
used  was  the  White  Flame  A.  C.  projector,  which  has  the  following 
distinct  advantages  as  compared  with  the  neutral  cored  projector 
carbon : 

1.  More  light  6.  Wide  range  of  operation 

2.  Whiter  light  7.  Better  crater  formation 

3.  Steadier  8.  Decreased  arc  voltage 

4.  Better  power  factor  9.  Clearer  pictures 

5.  Silent  arc 

More  light  is  given  by  the  White  Flame  A.  C.  projector  carbons 
especially  at  high  currents.     The  neutral  carbon  does  not  operate 
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satisfactorily  beyond  65  amperes,  where  the  crater  formation  becomes 
very  irregular  and  the  facing  of  the  upper  crater  towards  the  con- 
densers becomes  more  difficult  to  control,  whereas  with  the  use  of 
75  amperes  on  the  White  Flame  projector  carbons,  the  candle  power 
is  about  double  the  maximum  obtainable  from  the  neutral  cored  car- 
bons. 

The  color  of  the  light  is  markedly  improved  by  the  use  of  White 
Flame  A.  C.  projector  carbons  where  an  alternating  arc  with  neutral 
cored  carbons  gives  a  decidedly  yellow  light  compared  with  the 
D.  C.  carbon  arc,  the  white  flame  chemicals  correct  this  almost  per- 
fectly by  supplying  the  arc  stream  with  the  blue  needed  with  the 
yellow  craters  to  give  a  good  daylight  white.  This  white  light  is  well 
known  to  give  better  seeing  powe  \ 

The  use  of  the  white  flame  materials  gives  a  much  steadier 
light.  The  arc  with  the  neutral  cored  carbons  has  a  tendency  "to 
chase"  occasionally,  which  is  the  result  of  the  arc  leaving  the  crater 
and  moving  down  and  around  the  sides  of  the  carbon.  The  high  arc 
supporting  power  of  the  white  flame  materials  holds  the  arc  in  its 
proper  position  with  no  tendency  to  chasing  or  unsteadiness. 

From  the  practical  projectionists'  standpoint,  the  greatest  advan- 
tage is  the  reduction  of  noise.  An  A.  C.  arc  with  neutral  carbons  at 
65  amperes  makes  a  very  loud,  roaring  noise,  which  increases  at 
higher  amperages.  The  White  Flame  A.  C.  reduces  this  noise  to  a 
very  slight  hum  so  that  the  motion  picture  machine  makes  more 
noise  than  the  arc  itself.  A  series  of  extensive  experiments  has 
shown  that  rare  earth  compounds  are  the  best  materials  for  reducing 
the  noise  of  a  high  amperage  arc,  though  there  is  a  marked  difference 
in  the  noise  suppressing  power  of  the  several  elements  of  this  group. 
The  use  of  these  materials  has  been  largely  covered  by  patents,  (see 
W.  R.  Mott,  U.  S.  patent  1,439,011,  Dec.  19,  1922). 

The  white  flame  projector  can  be  used  successfully  up  to  100 
amperes  whereas  the  neutral  cored  carbons  can  operate  satisfactorily 
only  to  65  amperes.  This  illustrates  the  wider  range  of  operation 
that  is  feasible  with  the  White  Flame  A.  C.  projector. 

The  crater  formation  at  65  to  100  amperes  is  far  better  with  the 
white  flame  projector  carbons. 

The  white  flame  carbons  operate  with  a  saving  of  10%  in  arc 
voltage,  which  with  the  usual  ballast,  means  a  power  saving  of  10%. 

The  pictures  projected  with  the  White  Flame  A.  C.  projector 
carbons  are  much  clearer  than  with  the  neutral  carbons,  and  show 
better  perspective,  better  penetration  and  more  detail. 

On  direct  current,  the  white  flame  arc  was  slower  in  development 
but  at  present  it  is  making  great  strides.  The  White  Flame  High 
Intensity  positive  at  75  amperes  gives  nearly  three  times  as  much 
screen  light  as  the  neutral  cored  positive  of  an  equivalent  size.  The 
gain  in  efficiency  with  this  light  comes  from  the  high  crater  brightness 
resulting  from  the  luminescent  vapors  in  the  positive  cup  and  the 
right  angle  position  of  the  positive  carbon.  The  crater  faces  the 
condenser  squarely  and  is  placed  at  the  best  optical  position.  The 
operation  of  these  lamps  is  entirely  automatic. 
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Fig-  7.       Diagram  of  High    Intensity  Arc.     (/JO  A.  ) 


Fig.  8.    Diagram  of  High  Intensity  Arc  (50  to  75A) 


The  typical  high  intensity  arcs  are  shown  in  Figs.  7  and  8.  It  is 
characterized  by  the  formation  of  a  cup  at  the  positive  crater.  From 
this  positive  cup  a  very  bright  gas  stream  issues  which  is  met  by  a 
relatively  dim  stream  flowing  from  the  negative  electrode.  This  cup 
contains  luminescent  vapors  that  are  brighter  than  the  floor  of  the 
cup  and  the  light  is  largely  produced  hy  electroluminescence.  Natu- 
rally the  greater  the  electrical  energy  input  the  more  light.  An 
explanation  for  the  cup  formation  lies  in  the  fact  that  the  current 
has  a  voltage  drop  of  only  about  20  volts  to  the  flame  core,  whereas  it 
is  35  to  40  volts  to  the  pure  carbon  shell.  The  result  is  that  the 
current  flows  to  the  core  with  the  resultant  crowding  of  a  large 
amount  of  energy  into  a  small  space.  In  fact  with  the  150  ampere 
high  intensity  arc,  a  space  of  one  cubic  centimeter  receives  and 
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radiates  about  7  kilowatts  of  power,  while  the  pure  carbon  are 
radiates  only  1.3  kilowatts  per  square  centimeter  of  surface.  On  this 
basis  it  is  not  surprising  that  this  ball  of  gas  is  believed  to  have  a 
temperature  of  the  order  of  5000°C. 

The  relation  between  total  radiant  energy  and  resultant  light 
energy  radiated  at  different  temperatures  is  shown  in  Fig.  9. 
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Fig.  9-   Total  Energy  Radiated  in  Kilowatts  per  Op.  Cr, 

Light  Energy  Radiated  in  Kilowatts  per  Sf.  Cm. 

For  Perfect  Emission  of  a  Black  Body ". 

Light  Energy  within  limits  of  0.76 y  to  0.36  ji. 

Total  Energy  Kilowatts  per  Square  Centimeter. 
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The  higher  the  absolute  temperature  of  the  light  source,  the 
shorter  the  predominating  wave  lengths  and  therefore  the  cooler 
the  light.  Consequently  high  temperature  arcs  result  in  the  least 
film  burning  at  equal  screen  candle  power. 

The  practical  advantages  of  the  high  intensity  arc  may  be 
summed  up  as  follows: 

1.  Much  more  light 

2.  Better  color 

3.  More  seeing  power 

4.  Very  steady  light 

5.  Automatic  operation 

The  amount  of  increase  in  light  is  very  considerable;  this  is 
shown  in  Table  4. 

Table  4 
Percent  Gain  in  Light  by  High  Intensity 
Compared  with  Neutral  Cored  Carbons  on  D.  C. 
Amperes  Percent  Gain  in  Light 

50  109% 

75  160% 

120  220% 

In  the  Table  4  above,  there  is  shown  the  percent  increase  in  light 
that  is  given  by  the  high  intensity  arc  as  compared  with  the  ordinary 
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neutral  cored  carbon  arc.  Considering  the  normal  current  rating  of 
most  lamps  it  would  seem  conservative  to  say  that  on  the  average 
the  high  intensity  arc  gives  23^  times  as  much  light  as  the  neutral 
cored  carbon. 

The  natural  light  of  the  high  intensity  arc  has  a  blue  white  color, 
and  by  a  suitable  screen  it  is  possible  to  practically  duplicate  daylight. 

Due  to  the  bluish  white  color  and  the  small  size,  round  shape, 
and  favorable  structure  of  the  light  source,  the  light  of  the  high 
intensity  arc  brings  out  details  and  greatly  improves  the  perspective. 
This  results  in  an  appreciable  increase  in  seeing  power. 

The  steadiness  of  the  light  is  much  improved  over  the  regular 
neutral  cored  carbon  because  of  the  square  facing  of  the  crater  in 
relation  to  the  condenser  and  the  location  of  the  crater  at  the  exact 
focal  point  of  the  optical  system. 

The  perfect  automatic  operation  of  the  high  intensity  arc  is  a 
big  asset  from  the  projectionist's  standpoint. 
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DISCUSSION 

Dr.  Story:  I  believe  Lummer  was  the  first  one  to  use  a  high 
pressure  to  increase  the  arc  brilliancy.  I  have  never  been  able 
to  find  a  description  of  the  apparatus  he  used.  I  should  like  to 
ask  whether  the  authors  have  found  such  a  description  or  whether 
they  have  themselves  developed  such  a  high  pressure  arc.  As  the 
result  of  his  experiments  Lummer  got  an  increase  of  something 
like  20  fold  with  a  pressure  of  25  atmospheres.  This  is  far  above  the 
maximum  shown  in  the  first  slide,  where  the  brilliancy  was  raised 
from  180  to  1000.  This,  it  seems  to  me,  is  a  very  interesting  sugges- 
tion in  the  way  of  illumination,  but,  as  pointed  out  in  the  paper,  it  is 
extremely  hard  to  obtain  a  window  that  will  stand  the  pressure  and 
the  heat  radiated  from  the  arc  and  which  is  sufficiently  large  to 
allow  the  passage  of  a  light  beam  of  large  angle. 

The  authors  mention  the  use  of  a  mirror  in  connection  with 
the  arc  lamp.  I  can  not  see  any  way  in  which  the  mirror  can  be 
used  to  increase  the  efficiency  of  the  projection  system.  I  think 
that  it  would  be  interesting  to  have  this  explained  in  greater  detail. 

At  the  end  of  the  paper  I  thought  the  author  said  that  the 
perspective  of  the  picture  projected  on  the  screen  was  better  with 
the  arc  than  with  other  forms  of  illuminants.  An  amplification 
of  this  part  of  the  paper  would  be  of  great  interest. 

It  was  mentioned  that  the  bombardment  of  the  gas  ball  by  the 
electrons  was  a  cause  of  the  increased  efficiency  of  the  high  intensity 
arc.  I  had  thought  of  this  increase  as  being  due  in  great  measure 
to  the  back  pressure  of  the  gas  vaporizing  from  the  small  sunken 
crater,  and  not  due  to  the  electronic  bombardment  which  would 
obtain  whether  you  had  a  deep  crater  or  not.  In  other  words, 
deepening  the  crater  raises  the  brilliancy  for  the  same  reason  as 
does  inclosing  the  arc  in  a  high  pressure  chamber. 

Mr.  Hammerstein:  In  addition  to  the  work  by  Lummer  on 
the  high  pressure  arc,  an  article  has  appeared  within  the  last  year 
or  so  in  the  same  journal  dealing  with  the  subject  of  carbon  arcs 
at  high  pressures. 

It  is  interesting  to  note  the  formation  of  the  gas  ball  in  the 
high  intensity  arc.  If  the  arc  be  started  at  a  fairly  low  current  and 
the  current  steadily  increased,  the  gas  ball  appears  to  form  at  a  fairly 
definite  critical  value  of  current,  which  in  the  experimetal  arcs 
we  have  been  working  with  lies  at  a  current  value  between  50  and 
75  amperes.  This  so-called  "gas  ball"  appears  to  be  a  ball  of  fire 
which  is  held  at  the  bottom  of  the  crater.  I  am  not  certain  as  to 
how  the  temperature  of  this  gas  ball  is  determined;  I  think  it  is 
based  on  measurements  of  energy  and  on  the  intrinsic  brilliancy 
of  the  source.    I  have  no  figures  to  support  the  statements  relative 
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to  the  improved  perspective  obtained  with  this  source.  Mr.  Mott 
made  this  statement  and  I  think  it  is  based  more  on  visual  judgment 
than  on  actual  measurements. 

There  is  a  very  marked  movement  at  the  present  time  to  use 
a  mirror  in  connection  with  the  arc  for  projection  purposes.  A 
week  or  so  ago  we  received  a  Goerz  lamp  equipped  with  a  mirror 
(the  arrangement  of  this  arc  lamp  was  illustrated  by  the  drawing 
on  the  blackboard).  The  positive  carbon  faces  the  mirror  and  the 
optical  system  is  located  in  front  of  the  mirror.  Preliminary  tests 
on  this  arc  when  operated  at  a  current  of  15  amperes  and  equipped 
with  a  mirror  system  gave  a  screen  brightness  equivalent  to  that 
obtained  by  the  ordinary  low  intensity  arc  installation  when  operat- 
ing at  60  amperes.  We  have  run  this  lamp  several  times  and  thus 
far  have  had  no  trouble  with  the  mirror.  There  is  a  theatre  in 
Cleveland  in  which  they  have  been  operating  such  a  system  for  about 
two  months  and  as  far  as  I  know  have  had  no  difficulty  with  the 
mirrors.  This  principle  of  projection  is  being  used  in  practice. 
One  of  our  representatives  returned  from  Germany  recently  and 
informed  us  that  about  60%  of  the  houses  in  Germany  are  using 
the  mirror  type  arc  lamp.  The  mirror  system  takes  the  place  of  the 
usual  condensers. 

Dr.  Story:  I  believe  very  careful  analysis  of  the  beam  re- 
sulting from  the  use  of  an  ellipsoidal  mirror  as  compared  with  that 
from  the  best  condenser  arrangement  has  shown  the  former  to  be 
inferior — without  mentioning  any  tarnishing  or  losses  due  to  the 
mirror  itself.  If  very  large  mirrors  were  used  they  might  prove 
better  than  condensers. 

Mr.  Hammerstein:  I  think  the  question  of  tarnishing  and 
of  cost  is  a  serious  one.  If  the  mirror  cost  is  not  too  high  and  if 
they  can  be  made  so  as  to  retain  their  polish,  there  is  a  decided 
argument  in  favor  of  the  mirror  type  of  lamp.  Of  course,  these 
points  need  further  investigation. 

Mr.  Ktjnzmann:  At  the  present  time  we  are  developing  some 
experimental  arc  lamps  in  which  the  carbons  are  at  right  angles 
to  each  other.  These  lamps  are  equipped  with  mirrors  instead 
of  the  condensing  systems.  A  current  of  12  amperes  is  used.  Thus 
far  only  the  preliminary  experimental  work  has  been  done  but  I 
think  by  the  next  meeting  we  will  have  some  interesting  results  to 
report.  In  connection  with  this  arc  lamp,  we  have  used  a  mirror 
for  four  months  and  have  not  noticed  any  tarnishing.  The  mirror 
is  made  of  glass  and  is  silvered  on  the  back. 

Mr.  Egeler:  Am  I  right  in  thinking  that  the  curve  showing 
the  relation  between  candle  power  and  arc  current  is  for  different 
diameter  carbons  for  each  value  of  current? 

Mr.  Hammerstein:  Yes. 

Mr.  Richardson:  I  think  in  next  to  the  last  slide  some  figures 
were  given  for  screen  illumination  over  ordinary  carbon  arc,  an 
increase  in  the  50  ampere  size  of  50%. 

Mr.  Hammerstein:  Yes,  double  the  light. 

Dr.  Story:  I  should  like  to  add  one  word.  I  think  we 
should  be  very  careful  in  drawing  conclusions  from  such  a  curve  as 
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that  mentioned  by  Mr.  Richardson.  That  curve  was  for  only  one 
size  of  projection  lens,  and  the  increase  of  illumination  will  depend 
on  the  dimensions  of  all  the  lenses  and  apertures  in  the  optical 
system. 

Mr.  Davidson:  I  feel  with  Dr.  Story  and  the  authors  the 
reason  we  do  not  get  more  light  with  the  present  condenser  system 
is  because  of  lack  of  pains  in  design.  I  think  the  new  mirror  will 
fall  down  when  we  improve  our  present  condenser  system.  We  are 
surprised  at  the  increased  illumination  by  a  change  in  the  lens.  I 
think  this  means  we  can  get  more  through  the  present  system,  and 
I  doubt  if  the  mirror  system  will  increase  it.  We  may  be  greatly 
fooled  by  eye  tests.  We  have  experimented  with  lamps  and  thought 
we  had  one  more  powerful  than  another,  but  it  is  easy  to  mistake  the 
whiteness  for  brightness.  When  the  candle  meter  is  put  on  the 
screen  for  the  actual  test  you  are  taken  back;  the  light  is  not  there. 
When  you  come  to  a  dark  positive  where  you  must  have  light  you 
haven't  it. 

Mr.  Mott  speaks  of  the  perspective  on  the  screen  with  the 
arc,  and  there  again  it  is  a  question  of  judgment.  I  think  another 
factor  entering  is  the  screen  itself.  We  get  surprising  results  with 
screens  under  certain  conditions.  You  increase  your  light  and 
suddenly  get  more  perspective.  You  bring  the  light  up  until  the 
screen  is  translucent,  and  more  perspective  is  not  obtainable  until 
the  light  gets  to  that  point.  After  the  screen  becomes  translucent, 
the  values  do  not  increase  anywhere  in  the  proportion  to  the  illumina- 
tion. When  the  screen  became  translucent  you  could  increase  illu- 
mination without  results.  I  think  with  the  arc  you  find  there  is  not 
a  real  increase. 

Mr.  Ktjnzmann:  In  answer  to  Mr.  Davidson's  question: 
Mr.  Mott's  figures  are  based  on  the  screen  in  use,  although  90%  of 
the  theatres  should  renew  their  screens. 

With  reference  to  the  mirror  arc,  the  man  who  came  back  from 
German}^  says  twelve  hundred  lamps  are  in  actual  operation  on  ten 
or  twenty  amperes  and  have  been  satisfactory  for  more  than  a 
year. 

Mr.  L.  A.  Jones:  I  understand  Mr.  Davidson  to  imply  that  the 
transmission  of  projection  screens  varies  with  the  intensity  of  the 
illumination.  I  am  very  skeptical,  and  if  so,  it  is  a  new  phenomenon. 
The  discussion  relative  to  the  dependence  of  perspective  on  illumina- 
tion is  also  of  interest.  I  think  the  term  perspective  should  be  clearly 
defined  so  that  we  may  be  sure  we  understand  each  other.  Perspec- 
tive as  used  technically  by  the  artists  and  architects  depends  only 
upon  the  drawing  in  the  picture  and  has  nothing  to  do  with  the 
definition.  Personally,  I  can  not  believe  that  perspective  in  the 
true  sense  is  necessarily  any  better  with  an  arc  projector  than  with 
any  other  projector. 

Mr.  Davidson:  I  believe  we  are  misunderstood.  I  did  not 
wish  to  state  that  the  transmission  increases  with  illumination. 
What  I  intended  to  state  was  that  there  is  a  certain  point  where  it 
becomes  translucent.  If  a  curve  be  made  at  the  point  where  the 
screen  becomes  translucent  the  curve  flattens  out  decidedly. 
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Mr.  L.  A.  Jones:  I  doubt  if  anything  like  that  occurs. 

Mr.  Davidson:  Then  our  tests  have  been  inaccurate.  The 
other  point  that  he  makes  with  regard  to  perspective  definition: 
I  did  not  mean  to  infer  that  the  arc  gives  better  perspective.  After 
you  get  a  certain  amount  of  illumination  on  any  screen  from  any 
source,  you  get  better  perspective. 

Mr.  Brown:  Perspective,  in  the  sense  that  Dr.  Mott  has  used 
the  word,  may  perhaps  be  defined  as  the  "illusion  of  depth  on  the 
screen."  Stereoscopic  methods  produce  this  illusion  most  effectively, 
but  it  may  be  had  through  the  manipulation  of  brightness  contrasts, 
as  by  framing  a  brilliantly  lighted  background  in  a  darker  foreground. 
Probably  as  the  sharpness  and  brilliancy  of  the  projecting  light  are 
raised,  we  suddenly  reach  a  critical  point  of  contrast,  where  the 
illusion  of  depth  comes  into  being. 

Mr.  R.  C.  Hubbard:  In  this  paper  he  compares  the  ordinary 
carbon  arc  with  the  high  intensity.  One  point  which  strikes  me 
is  the  difference  in  color.  The  high  intensity  arc  is  a  noticeable 
blue  light,  and  it  is  a  question  in  my  mind  whether  this  is  always 
best  for  the  picture;  according  to  the  color  of  the  film. 

Mr.  Kunzmann:  When  the  carbon  is  operated  at  an  excessive 
current,  blue  light  begins  to  become  evident.  A  few  years  ago 
there  was  a  tendency  to  operate  low  intensity  arcs  above  the  maxi- 
mum rating  for  the  carbons.  This  tended  to  give  a  bluish  light. 
The  presence  of  excessive  blue  in  the  light  from  the  carbon  arc 
is  not  due  to  the  arc  itself  but  to  the  excessive  current  forced  through 
the  arc. 

Mr.  L.  A.  Jones:  I  do  not  agree  with  Mr.  Brown's  definition. 
Perspective,  I  believe,  refers  only  to  the  drawing  and  is  quite  inde- 
pendent of  the  lighting.  The  appearance  of  solidity  in  the  average 
drawing  depends  to  a  certain  extent  on  perspective  but  also  on 
other  factors.  It  seems  to  me  there  is  a  certain  amount  of  confusion 
in  our  discussion  due  to  the  difference  in  meaning  attached  to  various 
words  such  as  perspective,  stereoscopic  vision,  etc. 

Mr.  Davidson:  I  think  there  are  two  words  "perspective," 
and  we  are  not  talking  about  the  same  one.  We  are  using  that  in 
ordinary  speech,  and  I  think  both  are  correct  but  there  are  two 
different  words. 

Mr.  Cap  staff:  I  should  say  that  the  stereoscopic  relief  depends 
upon  light  and  shade. 

Mr.  Davidson:  I  agree  with  you. 
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A  PRELIMINARY  NOTE  ON  THE  UNIFORM  DEVELOPMENT 
OF  MOTION  PICTURE  FILM 

By  F.  F.  Renwick 

BEING  well  aware  of  the  difficulty  of  securing  uniform  develop- 
ment of  photographic  plates  by  any  of  the  ordinary  methods  of 
dish  or  tank  development,  it  occurred  to  the  writer  that  it 
would  be  interesting  to  make  a  study  of  the  degree  of  uniformity  of 
development  usual  in  the  commercial  development  of  motion  picture 
film.  For  this  purpose,  it  was  proposed  to  employ  motion  picture 
film  free  from  irregularities  in  the  thickness  of  its  sensitive  coating, 
to  expose  a  number  of  lengths  of  such  film  as  uniformly  as  possible 
to  a  moderately  wide  range  of  light  intensities,  and  to  have  them 
developed  in  several  different  commercial  laboratories.  In  the 
attempt  to  produce  uniform  exposures  over  each  picture  area,  one 
of  the  regular  commercial  printing  machines  was  first  employed.  It 
was  found,  however,  that  the  illumination  was  far  too  uneven  for  our 
purpose,  and  this  leads  me  to  suggest  that  users  of  motion  picture 
printing  machines  will  be  well  advised  to  examine  carefully  from 
time  to  time  the  uniformity  of  the  illumination  by  which  they  are 
printing  their  pictures,  since  it  is  evident  that  it  is  very  easy  to  spoil 
the  beautiful  gradation  of  a  picture  by  printing  it  unevenly.  In  the 
experiments  upon  which  the  following  short  note  is  based,  irregulari- 
ties due  to  lack  of  uniformity  of  the  exposure  over  the  area  of  a 
single  picture  were  reduced  to  a  small  amount  by  exposing  the  film 
in  a  kinema  camera  to  a  sheet  of  white  blotting  paper,  uniformly 
illuminated  by  a  bank  of  mercury  vapor  lamps,  while  lack  of  uni- 
formity in  coating  is  doubtless  very  small  in  amount  owing  to  the 
use  of  commercial  motion  picture  film  of  known  excellence.  I  may 
say,  however,  that  in  prosecuting  this  work  further,  it  will  be  desirable 
to  adopt  a  different  method  of  exposing  the  film,  since  the  camera 
method  employed  in  these  experiments  did  not  prove  entirely 
satisfactory.  The  small  irregularities  arising  from  this  cause  have, 
however,  been  eliminated  by  the  method  of  computation  adopted. 
Lengths  of  film  200  ft.  long  were  exposed  in  the  manner  mentioned 
at  four  different  lens  apertures  and  were  then  sent  to  a  number  of 
different  laboratories  engaged  in  the  commercial  development  of 
motion  picture  film  for  development.  On  their  return,  ten  picture 
areas  at  each  exposure  were  carefully  measured  in  a  photometer  at 
five  different  places  on  each  picture  area  (three  lying  along  the  center 
line  of  the  film,  the  other  two  being  at  the  middle  of  the  sides  of  each 
picture  area).  The  results  were  grouped  to  determine  the  average 
density  for  each  location  and  the  average  departures  from  these  mean 
values  were  then  calculated.  The  same  procedure  was,  of  course, 
adopted  for  each  of  the  four  differently  exposed  areas.  Results 
obtained  from  seven  separate  rolls  of  film  are  dealt  with  in  this  note. 
In  this  way,  it  was  found  that  although  there  was  evidence  of  a  small 
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lack  of  uniformity  in  the  lighting  of  the  picture  areas,  this  was  insuffi- 
cient to  render  doubtful  the  conclusions  to  be  drawn  later  concerning 
development.  By  considering  the  average  deviations  in  density  at 
each  spot  separately,  we  have  determined  the  liabilities  to  fluctuation 
in  density  over  each  portion  of  the  picture  apart  from  the  above  men- 
tioned small  irregularities  due  to  exposure.  Our  results  do  not  dis- 
close any  regular  tendency  towards  larger  fluctuations  of  density 
at  one  part  than  another  of  each  picture  area  due  to  irregularities  in 
development  and  drying  conditions,  and  this  is  true  whether  the 
film  had  been  developed  in  a  machine  or  on  racks  by  the  ordinary 
tank  system,  but  I  should  not  like  it  to  be  inferred  that  irregularities 
of  this  kind  cannot  happen,  since  in  certain  circumstances,  I  think 
they  are  likely  to  arise. 

Comparing  the  average  departures  from  the  mean  density  values 
on  films  developed  in  tanks  as  compared  with  those  developed  by 
machine,  there  are,  however,  very  considerable  differences.  While  in 
the  best  machine-developed  film  examined,  the  average  deviations 
due  to  development  did  not  exceed  .01  for  low  densities  and  only  a 
little  over  .02  on  moderately  high  densities  (the  extreme  ranges  being 
from  four  to  five  times  these  figures),  and  while  another  machine- 
developed  film  gave  an  average  deviation  between  .02  and  .03  and 
a  range  of  about  .10  for  all  four  exposures,  it  is  apparently  not  at  all 
uncommon  for  tank  development  to  give  rise  to  average  deviations 
from  the  mean  value,  rising  rapidly  from  .02  for  the  lowest  densities 
up  to  .08  for  moderate  to  high  densities,  with  a  total  range  of  four  or 
five  times  these  amounts.  Development  conditions  liable  to  lead  to 
such  irregularities  as  these  can  only  be  regarded  as  very  ud  satisfac- 
tory. 

Our  experiments  are  not  sufficiently  numerous  to  enable  me  to 
say  that  the  favorable  figures  given  above  are  truly  representative 
of  machine  development,  but  as  far  as  they  go,  they  certainly  favor 
the  use  of  machines  for  development  of  motion  picture  film  in  prefer- 
ence to  racks  and  tanks  as  frequently  employed.  On  the  other  hand, 
we  have  evidence  that  a  high  degree  of  uniformity  is  obtainable  and 
is  being  attained  on  racks  in  tanks  in  some  laboratories,  for  two  of  the 
tank-developed  films  measured  were  not  seriously  inferior  in  uni- 
formity of  development  to  the  machine-developed  films.  One  of  these 
tank-developed  films  showed  a  very  small  progressive  rise  in  average 
deviation  from  less  than  .03  to  slightly  over  .04,  while  the  other, 
covering  the  same  range  of  densities  (.8  to  2.5),  showed  a  drop  in  the 
average  deviation  value  from  a  little  over  .04  to  slightly  over  .02. 
These  results  differ  so  strikingly  from  the  other  tank-developed 
specimens  examined  that  it  seems  highly  desirable  to  investigate  the 
influence  of  the  composition  and  concentration  of  developers  upon  the 
liability  to  irregularities  in  density  of  films  developed  in  them. 

It  is  proposed  to  follow  up  the  work  along  these  lines  for  it  is 
obviously  important  to  film  users  to  minimize  irregularities  of 
density  due  to  the  developer  and  its  method  of  application  as  far  as 
possible,  since  such  irregularities,  by  falsifying  the  gradation,  must 
seriously  impair  the  pictorial  quality  of  a  film  just  as  surely  as  does 
uneven  lighting  in  the  printing  or  projection  processes. 
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DISCUSSION 

Mr.  Crabtree:  What  was  the  average  density  measured  and 
what  was  the  gamma  to  which  the  film  was  developed?  When  de- 
veloping to  a  low  gamma  we  find  that  unevenness  is  more  apt  to  be 
produced  than  when  developing  to  a  high  gamma.  I  am  glad  that 
Mr.  Renwick  pointed  out  the  importance  of  adjusting  the  printing 
light  so  that  the  aperture  gate  is  evenly  illuminated. 

With  regard  to  unevenness  produced  during  development,  I  am 
surprised  that  Mr.  Renwick's  figures  are  as  good  as  they  are  in  view 
of  the  large  number  of  factors  which  tend  to  cause  unevenness  in 
laboratory  practice.  Many  workers  soak  the  film  in  water  previous 
to  development  in  order  to  prevent  airbells,  but  if  the  rack  of  film  is 
not  moved  for  the  first  minute  or  so  after  placing  in  the  developer 
the  water  adhering  to  the  film  falls  downward  in  streaks  when  in  the 
developer,  so  that  development  is  retarded  and  streaks  of  l'ghter 
density  are  produced.  By  moving  the  rack  on  immersing  in  the 
developer,  the  water  adhering  to  the  film  is  replaced  by  the  fresh 
developer  and  unevenness  is  prevented. 

The  matter  of  rack  marks  has  been  dealt  with  by  Mr.  Aller. 
We  have  found  a  density  difference  as  great  as  10%  between  the  top 
of  the  rack  and  the  bottom,  the  extent  of  the  difference  depending  on 
the  degree  of  agitation  of  the  developer.  Unevenness  is  also  caused 
by  not  moving  the  film  when  it  is  transferred  to  the  fixing  bath.  The 
developer  adhering  to  the  film  flows  downward  in  streaks  and  con- 
tinues to  develop  the  image,  whereas  if  the  rack  is  agitated  when  first 
immersed  the  alkali  in  the  developer  is  neutralized  by  the  acid  in  the 
fixing  bath  and  development  is  immediately  arrested.  Unevenness 
can  also  be  caused  during  drying  but  I  will  deal  with  a  number  of  these 
points  in  my  paper. 

Mr.  Davidson:  Did  Mr.  Renwick  examine  into  the  cause  of 
unevenness  from  the  printing  machine?  I  know  that  direct  current 
causes  unevenness,  but  what  else? 

Mr.  Renwick:  With  regard  to  Mr.  Crabtree's  remarks,  I  should 
like  to  emphasize  that  these  are  only  preliminary  notes  on  a  very 
large  subject  into  which  we  intend  to  go  more  fully.  The  program 
we  have  in  mind  is  to  inquire  into  these  irregularities  arising  under 
the  very  best  conditions  which  are  influenced  by  composition  and 
concentration  of  the  developer  itself.  Each  of  the  laboratories  knew 
that  we  expected  the  best  work;  we  wanted  it  in  order  to  study  the 
relative  merits  of  machine  and  rack-in-tank  methods  of  development. 
It  is  unlikely  therefore  that  we  should  be  troubled  by  irregularities 
of  the  kind  referred  to. 

Mr.  Crabtree:  How  big  were  the  areas  measured? 
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Mr.  Renwick:  The  ordinary  area  included  by  a  Schmidt  and 
Haensch  photometer,  about  34  inch  circle.  The  density  values 
examined  range  from  .05  to  2.0,  and  the  gamma  variation  from  about 
1  to  2,  but  we  don't  pretend  to  have  covered  the  field. 

Mr.  Davidson  asked  about  the  causes  of  uneven  printing.  I 
am  not  familiar  with  all  the  printing  machines  on  the  market  and 
hesitate  to  mention  defects  in  any  particular  one,  but  I  felt  it  was 
necessary  to  warn  users  of  such  machines  of  this  source  of  error, 
because  one  of  my  colleagues  tried  for  a  week  to  get  perfectly  even 
illumination  over  the  picture  area  in  one  of  our  printing  machines  and 
failed.  I  felt  that  it  was  probably  a  source  of  error  in  most  printing 
machines. 

Mr.  Crabtree:  I  think  I  can  partly  answer  Mr.  Davidson.  The 
great  trouble  is  the  change  of  voltage.  The  intensity  fluctuation  due 
to  voltage  change  is  terrific.  There  is  also  the  matter  of  reflection 
from  the  aperture  gate  and  the  filament  shadows  in  the  lamp.  Other 
causes  of  unevenness  arise  from  reflections,  such  as  the  metal  inside 
the  lamphouse. 
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THE  DEVELOPMENT  OF  MOTION  PICTURE  FILM  BY  THE 
REEL  AND  TANK  SYSTEMS 

By  J.  I.  Crabteee 

Communication  No.  187  from  the  Research  Laboratory  of  the  Eastman  Kodak 

Company 

THIS  article  deals  with  the  handling  of  motion  picture  film  by 
the  reel  and  trough  and  rack  and  tank  systems  during  the  opera- 
tions of  developing,  fixing,  washing,  and  drying. 
Although  the  tank  system  of  development  is  being  largely  re- 
placed by  the  continuous  system  whereby  the  film  is  handled  in  a 
continuous  strip  by  so-called  "processing  machines,"  the  tank  system 
is  still  used  for  developing  negatives  and  will  be  used  exclusively 
for  some  time  to  come  by  most  of  the  smaller  laboratories. 

No  apology  is  offered  for  presenting  information,  much  of  which 
is  not  new  to  the  trade,  but  since  no  exhaustive  article  on  motion 
picture  laboratory  methods  has  been  available  to  date,  it  was  con- 
sidered desirable  to  cover  the  subject  as  widely  as  possible  in  order 
to  assist  the  beginner. 

After  leaving  the  printing  room,  motion  picture  film  is  given  the 
usual  photographic  treatment  of  developing,  fixing,  washing,  and 
drying,  and  these  operations  will  be  dealt  with  under  the  following 
headings : 

1.  Apparatus. 

2.  Chemical  solutions,  their  preparation,  properties,  life,  and 

methods  of  revival. 

3.  Manipulative  details. 

4.  Troubles. 

«  APPARATUS 

The  following  types  of  apparatus  are  available. 

I.  Racks  or  frames  (used  with  tanks). 

a.  The  horizontal  peg  rack.  (See  Fig.  1.)  The  film  is  wound 
around  the  pegs  in  the  form  of  a  spiral  and  the  loaded  frame  is  then 
placed  in  a  shallow  horizontal  tank  so  that  the  film  is  developed  while 
standing  on  edge.  This  type  of  frame  is  collapsible,  readily  portable, 
requires  a  minimum  of  solution,  and  is  extensively  used  by  travelers. 
With  this  rack,  development  markings  similar  to  those  shown  in 
Figure  2  frequently  occur  and  are  caused  by  convection  currents 
which  produce  a  greater  rate  of  flow  of  developer  over  those  portions 
of  the  film  adjacent  to  the  perforations,  thus  causing  the  streamers 
illustrated.  The  best  way  to  eliminate  these  markings  is  by  twisting 
the  frame  in  a  horizontal  plane  during  development  and  not  by  raising 
the  frame  vertically  up  and  down  in  the  solution. 
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Fig.  1.     Horizontal  Peg  Rack 
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Fig.  2.     Development  Streaks  Caused  by  Perforations 

b.  The  vertical  rack.  (See  Figure  3.)  This  tj^pe  of  rack  is  most 
universally  used  in  conjunction  with  a  vertical  tank.  The  regulation 
rack  is  48"  square  and  accommodates  200  feet  of  film.  The  rack 
should  be  of  wood  of  good  quality,  preferably  cypress,  and  well 
braced.  The  pins  should  be  of  brass,  nickel,  or  monel  metal,1  pref- 
erably the  latter,  though  brass  wire  staples  are  fairly  satisfactory, 
because  they  become  plated  in  the  fixing  bath  with  silver  which  serves 
as  a  protective  coating.  It  is  becoming  more  common  to  insert  a 
metal  bushing  at  the  center  of  the  sides  of  the  racks  in  order  to 
facilitate  spinning  the  rack  when  in  the  loading  frame  and  to  increase 
the  life  of  the  rack.  Such  bushings  may  be  of  brass,  nickel,  or  monel 
metal. 

A  modification  of  this  rack  is  shown  in  Figure  4,  known  as  the 
multiple  rack.  The  construction  of  this  is  obvious  from  the  illustra- 
tion. With  the  slats  removed  the  film  is  first  wound  on  the  inner 
frame,  the  first  slat  then  placed  in  position,  and  the  second  layer  of 
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Fig.  3.     Vertical  Film  Rack 


Fig.  4.     Multiple  Film  Rack 
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Fig.  4A.     Multiple  Rack  Wound  Ready  for  Development 

film  wound,  etc.,  the  final  appearance  of  the  rack  being  shown  in 
Figure  4A.  This  rack  is  economical  as  regards  volume  of  solution 
required,  although  it  is  somewhat  inconvenient  to  wind,  and  uneven 
development  is  liable  to  occur,  especially  with  short  development. 

Another  type  of  multiple  rack  is  shown  in  Figure  5,  which  con- 
sists of  one  or  more  frames  inside  an  outer  frame.  The  innermost 
frame  is  loaded  first,  and  the  outer  ones  in  succession.  It  is  open  to 
the  same  objections  as  the  rack  shown  in  Figure  4  above. 

c.  The  "DC"  frame  for  handling  double-coated  film.  This  frame  is 
similar  to  the  vertical  rack  except  as  regards  the  upper  and  lower  slats, 
a  section  of  which  is  shown  in  Figure  6.  The  film  is  supported  only 
by  its  two  edges  so  that  the  solutions  have  access  to  both  sides  of  the 
film.  These  slats  are  most  easily  made  by  turning  up  a  cylindrical 
wooden  roller  of  the  desired  length,  cutting  out  the  necessary  notches, 
and  then  splitting  the  roller  lengthwise  into  4  or  5  segments,  each 
segment  then  constituting  an  end  slat. 

II.  Tanks. 

Peg  rack  tanks  or  trays  may  be  of  wood,  enameled  steel,  or  monel 
metal.  Tanks  of  the  vertical  type  should  be  of  either  wood  or  alberene 
stone.1  Wood  is  cheaper  but  more  bulky,  and  in  the  case  of  wash 
tanks  growths  of  fungi  accumulate  on  the  exterior  unless  the  tank  is 
kept  very  clean.  Solutions  in  wooden  tanks  are  also  more  difficult  to 
cool  by  external  means  on  account  of  the  low  heat  conductivity  of  the 
wood.  The  variety  of  wood  employed  is  less  important  than  the  qual- 
ity; cypress  is  ideal,  although  fir  is  now  being  extensively  used.  Tanks 
intended  to  accommodate  more  than  one  rack  are  fitted  with  dividing 
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Fig.  5.     Twin  Rack 


Fig.  6.     Section  of  Frame  for  Developing  Double-Coated  Film 
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strips  which  should  be  of  the  same  material  as  the  tank.  The  rack  is 
held  in  place  under  the  surface  of  the  solution  either  by  means  of  a 
wedge  inserted  between  the  rack  and  the  side  of  the  tank,  or  by  means 
of  a  wooden  arm  fastened  to  the  side  of  the  tank  as  shown  in  Figure  7. 
One  end  of  the  rack  is  inserted  under  the  bar  extending  across  the 
tank  at  "A/'  and  the  arm  "B"  then  holds  down  the  other  end  of  the 
rack. 


en 
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Fig.  7.     Method  of  Retaining  Rack  in  Tank 

III.  Reels  and  Troughs 

Although  a  reel  (drum)  and  trough  was  the  first  piece  of  apparatus 
used  for  developing  motion  picture  film,  this  type  of  apparatus  pos- 
sesses certain  advantages  over  the  rack  system.  A  minimum  quantity 
of  solution  is  required;  for  example,  200  feet  of  film  can  be  developed 
on  a  reel  with  4  gallons  of  solution,  whereas  at  least  40  gallons  are  re- 
quired for  a  vertical  tank.  Reel  development  also  gives  more  uniform 
development  than  the  rack  system  (see  under  "rack  marks"  below). 

In  order  to  maintain  uniform  development  it  is  necessary  that 
the  reels  should  approximate  to  a  cylinder  as  closely  as  possible ;  that 
is,  the  number  of  slats  should  be  as  large  as  possible,  otherwise  if  only 
a  few  slats  are  used,  the  portion  of  the  film  passing  over  the  slat  is 
subjected  to  a  more  rapid  flow  of  developer  and  therefore  develops 
at  a  greater  rate  than  the  portion  between  the  slats,  resulting  in  "slat 
marks." 

Reels  may  be  of  the  following  types: 

1.  The  hand-operated  reel.  (See  Figure  8.)  This  may  be  con- 
structed entirely  of  wood,  although  a  central  shaft  of  japanned  iron 
does  not  warp  like  a  wooden  shaft.  Screw  heads  should  be  counter- 
sunk and  the  holes  filled  with  paraffin  wax.  Spacing  pins  are  entirely 
unnecessary  on  a  reel,  though  grooves  are  necessary  to  permit  auto- 
matic winding.  (See  below.)  Small  reels  for  use  with  corrosive  liquids 
may  be  constructed  with  hard  rubber  ends,  glass  rod  slats,  and  the 
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Fig. 


Hand-operated  Reel  with  Rubber  Lined  Trough 


central  shaft  of  hard  rubber.    Metal  reels  constructed  of  brass  are  not 
satisfactory  for  developing  unless  silver  plated. 

2.  A  motor  driven  reel.    (See  Figure  9.)    The  slats  on  this  machine 
are  grooved  to  accommodate  double-coated  film,  though  it  may  be 


Fig.  9.     Motor  Driven  Reel  with  Automatic  Winding  Device 

used  equally  well  for  single  coated  film.  A  feature  of  this  reel  is  the 
automatic  winding  device,  which  consists  of  an  arm  "A"  which  slides 
along  the  rod  "B."  The  roll  of  film  is  attached  to  a  spindle  to  the 
left  of  the  arm  "A"  so  that  when  the  arm  "A"  is  allowed  to  rest  against 
the  slats  when  the  reel  is  in  motion,  the  grooves  act  like  the  thread  of  a 
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screw  and  propel  the  roll  of  film  along  the  reel,  thus  automatically 
winding  the  film.  The  reel  should  be  driven  from  the  motor  by  means 
of  a  belt  and  not  with  gears.  The  trough  illustrated  is  of  monel 
metal  soldered  on  the  outside.1 

3.  A  twin  reel.  (See  Figure  10.)  This  is  very  similar  to  the  motor 
driven  reel  above.  In  order  to  dry  the  film  it  is  transferred  from  the 
lower  reel  to  the  upper  reel  by  throwing  in  a  clutch  causing  the  upper 


Fig.  10.     Twin  Developing  Reel  (Before  Loading) 


reel  to  revolve  at  the  same  rate  as  the  lower  one.  The  upper  reel  is 
enclosed  in  a  metal  casing  and  is  so  arranged  that  a  current  of  air 
can  be  blown  over  the  reel  so  that  the  film  is  being  dried  while  a  fur- 
ther roll  of  film  is  being  developed  on  the  lower  reel.  The  trough  at 
"T"  is  hinged  at  the  rear  and  during  winding  of  the  film  is  in  the  posi- 
tion shown  in  Figure  10.  After  winding  the  film,  the  developer  is 
poured  into  the  narrow  trough  attached  to  the  front  edge  of  the  large 
trough  which  is  then  lifted  up  into  position  shown  in  Figure  11.  In 
this  way  the  developer  is  simultaneously  applied  across  the  entire 
width  of  the  reel,  thus  insuring  more  even  development,  especially 
when  the  time  of  development  is  only  2  or  3  minutes. 
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Fig.  11.     Twin  Developing  Reel  (Trough  in  Position  for  Developing) 

IV.  Troughs 

Troughs  for  containing  the  photographic  solutions  should  be  of 
stoneware,  monel  metal,  wood,  wood  covered  with  rubberized  cloth, 
or  metal  covered  with  paraffined  cloth.1  In  order  to  coat  metal 
with  paraffined  cloth  the  metal  is  first  covered  with  cloth  or  canvas  by 
attaching  with  glue  and  the  cloth  is  then  impregnated  with  paraffin 
wax  by  brushing  over  with  molten  wax  and  finally  smoothing  over 
with  a  hot  iron.  When  using  metal  for  photographic  purposes  it  is 
important  to  avoid  copper  or  tin,  or  alloys  containing  these  metals 
whenever  possible,  because  they  dissolve  in  the  developer  and  cause 
very  bad  fog.  The  fogging  action,  when  small  traces  of  copper  or 
tin  are  in  the  developer,  is  much  greater  when  developing  on  a  reel 
than  when  developing  in  a  tank.  The  presence  of  less  than  1  part  of 
copper  in  10,000  parts  of  developer  will  cause  appreciable  fog  when 
developing  on  the  reel.  Metal  troughs  should  therefore  be  soldered 
on  the  outside  so  that  a  minimum  of  solder  comes  into  contact  with 
the  solutions.1 

V.     Miscellaneous  Apparatus 

The  following  types  of  apparatus  are  less  frequently  used  than 
the  above. 
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1.  The  Stineman  tank.  The  frame  on  which  the  film  is  wound 
consists  of  a  strip  of  metal  about  %  of  an  inch  wide  wound  in  the 
form  of  a  spiral.  During  winding,  the  frame  is  suspended  at  the  center 
on  a  pivot  and  the  film  wound  celluloid  side  to  the  metal  strip. 
The  developing  solutions  are  contained  in  flat  trays  or  tanks. 

2.  The  apron  developing  outfit.  Motion  picture  film  can  be 
developed  by  winding  in  contact  with  a  flexible  apron  in  a  manner 
similar  to  the  method  employed  for  developing  Kodak  film  in  the 
Kodak  film  developing  tank  (see  aA  Portable  Apparatus  for  Develop- 
ing Motion  Picture  Film/'2  also  Figure  12). 


Fig.  12.     A  Portable  Apparatus  for  Developing  Motion  Picture  Film 

3.  Collapsible  reels.  Many  types  of  collapsible  reels  are  available 
and  are  used  mainly  for  field  work.  The  complexity  of  the  apparatus 
increases  with  the  number  of  slats  used,  though  as  mentioned  above, 
the  number  of  slats  should  be  as  large  as  possible.  The  most  con- 
venient way  of  attaching  the  slats  is  to  fasten  them  to  strips  of  canvas 
in  a  manner  similar  to  that  employed  for  constructing  roll-up  shutters. 
The  slats  are  then  readily  attached  by  stretching  the  canvas  belts 
around  the  ends  of  the  reel. 

Method  of  Attaching  Film  to  Slats. 

The  following  methods  are  in  general  use : 

1.  The  eyelet  and  rubber  band  method.  An  eyelet  is  first  placed  in 
the  end  of  the  film  which  is  then  attached  to  the  slat  by  means  of  a 
rubber  band.  Suitable  eyelet  machines  are  sold  by  the  United  Shoe 
Machinery  Company.  It  has  not  been  found  practical  to  punch  the 
film  and  insert  the  eyelet  with  the  same  dies.  The  machine  is  less 
liable  to  get  out  of  order  if  a  hole  is  first  punched  in  the  film  by  a 
separate  punch  and  the  eyelet  then  inserted. 

2.  The  film  clip  method.  A  film  joining  clip  sold  by  R.  C.  Mercer, 
Los  Angeles,  is  illustrated  in  Figure  8.  This  clip  replaces  the  usual 
pin,  does  not  damage  the  film,  and  can  be  quickly  inserted  and 
removed. 

In  both  cases  a  stout  rubber  band  is  employed  which  serves 
to  take  up  the  slack  caused  by  expansion  of  the  film  in  the  developing 
solutions  and  shrinkage  on  the  drying  reels. 

The  Winding  Frame 

In  order  to  wind  film  on  the  vertical  developing  rack,-  the  rack  is 
supported  in  a  frame  so  that  it  can  be  rotated  on  a  horizontal  axis 
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(See  Figure  13).  The  spindle  "A"  is  fitted  with  a  spring  so  as  to 
permit  of  positioning  the  rack  on  the  spindles  aA"  and  "B."  After 
winding  and  while  awaiting  development,  the  racks  should  be  stored 
behind  a  partition  so  as  to  screen  off  the  light  and  protect  the  film 
from  splashes  of  hypo,  developer,  and  water. 


Fig.  13.     Holder  for  Film  Rack 


Apparatus  for  Controlling  the  Temperature  of  Solutions 

It  is  very  necessary  that  developing  and  fixing  solutions  be  main- 
tained at  a  temperature  as  near  65°  F.  as  possible  in  order  to  secure 
the  best  results,  so  that  in  hot  weather  the  solutions  must  be  cooled 
and  in  cold  weather  they  must  be  heated  as  follows : 

1.  By  passing  steam  or  brine  through  coils  immersed  in  the  solu- 
tions. Lead  is  the  only  commercially  satisfactory  coil  material.  The 
coil  may  be  placed  either  at  the  bottom  of  the  tank  or  at  the  sides 
according  to  the  space  available.  An  objection  to  this  system  is  the 
non-uniformity  of  the  temperature  of  the  solutions  unless  the  solutions 
are  frequently  stirred,  while  there  is  danger  of  contamination  with 
brine  in  case  of  leakage. 

2.  By  jacketing  the  tanks  with  a  water  bath.  The  water  in  the 
outer  jacket  may  be  either  circulated  through  an  external  heating  or 
cooling  unit  or  the  tank  may  be  fitted  with  heating  or  cooling  coils 
which  may  be  constructed  of  any  non-rusting  metal  because  they  are 
not  in  contact  with  the  photographic  solutions.  This  is  the  most 
satisfactory  method  of  maintaining  a  uniform  temperature  in  the 
tank,  though  it  is  relatively  expensive  and  the  jacketed  tank  is  com- 
paratively bulky. 

3.  A  less  efficient  method  of  cooling  than  "2"  but  which  is 
satisfactory  in  practice  is  to  insert  a  cooling  tank  between  two  adja- 
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cent  tanks.  This  method  is  more  satisfactory  with  alberene  tanks 
than  with  wooden  tanks  because  of  the  low  heat  conductivity  of  the 
wood.  Only  one  side  of  the  tank  is  cooled,  but  the  stirring  produced 
by  the  agitation  of  the  rack  is  usually  sufficient  to  maintain  a  uniform 
temperature.  The  cooling  tanks  may  be  of  japanned  iron,  brass,  or 
copper  and  should  be  fitted  with  lead  brine  coils  and  brass  steam  coils. 
Ice  or  hot  water  may  be  used  in  place  of  the  brine  and  steam  coils 
but  is  less  satisfactory. 

In  order  to  rapidly  cool  or  heat  up  a  tank  of  developer,  say  on 
Monday  morning  after  standing  over  the  week-end,  the  developer 
may  be  pumped  through  an  external  heating  and  cooling  coil,  or  a 
waterproof  canvas  bag  containing  ice  or  hot  water  may  be  moved 
around  in  the  tank.  The  addition  of  ice  or  hot  water  directly  to  the 
tank,  of  course,  dilutes  the  solution. 

Other  dark  room  apparatus  required  is  as  follows:  Recording 
thermometer  for  registering  the  temperature  of  the  developer;  ceiling 
safelights,  Series  1,  2,  and  3  for  positive,  negative,  and  panchromatic 
film  respectively;  pocket  flashlight  fitted  with  the  above  safelights  for 
examining  film,  and  timing  clocks.  A  satisfactory  clock  which  times 
to  fractions  of  a  minute  is  supplied  by  the  Yankee  Wizard  Company, 
New  York. 

Testing  Safelights 

It  is  important  to  know  the  degree  of  safety  of  the  so-called 
"safelights."  Film  cannot  be  exposed  to  any  safelight  indefinitely 
without  fogging.  The  degree  of  safety  of  the  various  safelights  is  so 
adjusted  by  the  manufacturer  that  the  film  will  not  fog  in  the  average 
time  required  to  handle  the  undeveloped  film.  The  dark  room  opera- 
tor should  acquaint  himself  with  the  light  sensitiveness  of  positive, 
negative,  and  panchromatic  film  by  covering  half  of  a  strip  of  each 
film  with  a  thick  card  and  exposing  the  film  for  increasing  times  to 
the  various  safelights  at  the  average  working  distance.  Development 
of  the  strips  will  give  the  safety  time  of  each  safelight  as  determined 
by  the  time  to  produce  a  just  visible  fog.  The  test  will  also  indicate 
whether  it  is  advisable  to  increase  or  decrease  the  candle  power  of  the 
safelight  lamp. 

Lay-out  of  Developing  Room 

Figure  14  illustrates  a  typical  developing  room  lay-out.  The 
tanks  are  arranged  side  by  side  and  are  supported  on  two  concrete 
beams  running  parallel  with  the  length  of  the  room.  A  slatted  plat- 
form is  placed  around  the  tanks  so  as  to  bring  the  top  of  the  tanks  to 
waist  level  and  sections  of  this  platform  are  hinged  to  permit  of  access 
to  the  spigots  at  the  bottom  of  the  tanks.  The  entire  floor  should  be 
covered  with  mastic  and  a  curb  fitted  around  the  tanks  with  a  central 
drain  so  as  to  take  care  of  the  over-flow.  A  pressure  regulating  valve 
in  the  water  line  insures  a  constant  flow  into  the  wash  tanks.  A 
space  is  provided  at  "S"  for  loaded  racks  so  positioned  that  the 
undeveloped  film  cannot  be  splashed  with  either  water,  developer,  or 
hypo  solutions.  The  rack  lightlock  for  passing  the  loaded  racks  out 
into  the  drying  room  may  be  of  several  types  but  one  fitted  with 

174 


lifting  doors  is  the  most  satisfactory  for  a  small  laboratory.  For 
larger  laboratories,  a  lock  of  the  revolving  door  type  or  a  "U"  shaped 
narrow  passage  fitted  with  a  travelling  belt  or  chain  to  carry  the 
racks  is  more  efficient.  Another  ingenious  lightlock  consists  of  an 
elongated  wooden  tank  fitted  with  covers,  half  of  the  tank  extending 
into  the  drying  room  and  the  other  half  into  the  dark  room. 


CURTAIN  DARK  CORRIDOR 

Fig.  14.     Typical  Lay-out  of  Developing  Room 


DEVELOPING  SOLUTIONS 

The  purpose  of  a  developing  solution  is  to  reduce  the  exposed 
silver  salt  in  the  emulsion  to  metallic  silver.  The  constituent  of  the 
developer  which  effects  this  reduction  is  called  the  reducing  agent, 
and  although  a  very  large  number  of  such  reducing  agents  have  been 
proposed  from  time  to  time  only  five  are  now  generally  employed, 
namely,  elon,  hydroquinone,  pyro,  ortol,  and  glycin.  Each  has 
certain  characteristic  properties.  Elon  is  perhaps  the  most  useful 
of  all  reducing  agents  in  so  far  as  it  has  the  power  of  getting  the  most 
out  of  under-exposures  and  has  fairly  good  keeping  properties.  It  is 
what  is  known  as  a  "soft"  working  developer,  so  that  it  is  customary 
to  use  elon  with  more  or  less  hydroquinone  in  order  to  give  more  con- 
trast.  For  negative  development  the  proportion  of  elon  should  pre- 
ponderate while  in  the  case  of  a  positive  developer  the  hydroquinone 
should  be  in  excess  of  the  quantity  of  elon.  Pyro  is  unexcelled  for 
negative  work,  although  it  oxidizes  much  more  rapidly  than  elon 
and  produces  a  more  or  less  stained  negative.  The  general  stain  of  a 
pyro  negative  is  accompanied  by  a  stain  image  so  that  the  effective 
printing  contrast  of  the  negative  is  greater  than  the  visual  contrast. 
The  main  objection  to  pyro  is  the  difficulty  of  controlling  the  quantity 
of  stain  image  produced.  The  pyro  formula  given  below  will  give  a 
minimum  of  pyro  stain  providing  the  developer  is  not  over-worked. 
The  oxidation  product  of  pyro  ("pyro  stain")  has  the  property  of 
tanning  gelatine  and  it  has  been  found  that  a  print  from  a  negative 
with  a  pyro  stain  image  exhibits  more  graininess  than  a  negative  de- 
veloped with  a  non-staining  developer.     The  matter  of  pyro  stain 
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has  been  fully  dealt  with  in  the  article  on  "Photographic  Methods  of 
Testing  Developers."3 

Ortol  is  very  similar  in  its  behavior  to  pyro,  although  it  oxidizes 
less  readily  and  therefore  has  better  keeping  properties.  Glycin  oxi- 
dizes much  more  slowly  than  any  of  the  above  developers  and  is  there- 
fore very  satisfactory  for  tank  development.  It  is  used  for  negative 
work  only,  because  the  color  of  the  silver  image  is  not  as  satisfactory 
for  positives  as  that  given  by  elon  and  hydroquinone. 

Motion  picture  developing  solutions  may  be  divided  into  two 
classes;  namely,  tank  and  reel  developers.  When  film  is  developed 
on  a  reel  the  developer  is  freely  exposed  to  the  air,  so  that  unless  the 
developer  contains  an  excess  of  preservative  or  is  resistive  to  aerial 
oxidation  chemical  fog  is  produced  by  the  excessive  developer  oxida- 
tion products.  (See  article  on  "Chemical  Fog."4)  Positive  film  is 
much  more  sensitive  to  fogging  agents  when  developed  on  a  reel,  and 
very  few  developers  are  known  which  can  be  used  repeatedly  and  not 
produce  fog.  The  non-fogging  properties  of  the  No.  16X  formula 
below  are  apparently  due  to  the  high  concentration  of  the  constituent 
chemicals.  If  this  formula  is  diluted  with  water  the  developer  will 
fog  the  film  almost  immediately. 

The  following  formulae  are  sufficient  for  every  requirement.  At 
least  three  tank  developers  should  always  be  available;  namely, 
negative,  normal  positive,  and  a  contrast  positive.  In  case  a  soft 
working  positive  developer  is  required  usually  the  negative  developer 
will  suffice. 

DEVELOPER  FORMULAE  FOR  MOTION  PICTURE  FILM 

NEGATIVE  TANK  DEVELOPERS 

Elon-Hydroquinone  Negative  Formula 

(MQ-80  Tank) 

Metric  Avoirdupois 

Elon 2.0    grams  13      ozs. 

Sodium  sulphite  (desiccated) 18. 75  grams  834  lbs. 

Hydroquinone 0.5    grams  334  ozs. 

Sodium  Carbonate  (desiccated) 12. 5    grams  5>2  lbs. 

Potassium  bromide 0. 75  grams  534  ozs. 

Water  to  make 1        liter  50  gallons 

Average  time  of  development:  6-12  minutes  at  65°-70°F. 

Pyro  Negative  Formula 

Metric  Avoirdupois 

Sodium  sulphite  (desiccated) 25.0  grams  11      lbs. 

Pyro 2.5  grams  173^  ozs. 

Sodium  carbonate  (desiccated) 5.0  grams  234  lbs. 

Potassium  bromide 0.5  grams  33^  ozs. 

Water  to  make 1.0  liter  50  gallons 

Average  time  of  development:  9-12  minutes  at  65°-70°  F. 

Ortol  Negative  Formula 

Use  pyro  negative  formula  substituting  ortol  for  pyro. 
Average  time  of  development:  9-12  minutes  at  65°-70°F. 
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Glycin  Negative  Formula 

Metric 

Sodium  sulphite  (desiccated) 3.0    grams 

Glycin 3.0    grams 

Sodium  carbonate  (desiccated) 6.0    grams 

Water  to  make 1        liter 

Average  time  of  development:  15-25  minutes  at  65°-70°F. 

POSITIVE  TANK  DEVELOPERS 

Normal  Positive  Developer 

(Formula  No.  16) 

Metric 

Elon 0.3    grams 

Sodium  sulphite  (desiccated) 37.0    grams 

Hydroquinone 6.0    grams 

Sodium  carbonate  (desiccated) 18 .  75  grams 

Potassium  bromide 0.9    grams 

Citric  acid 0 .  75  grams 

Potassium  metabisulphite 1.5    grams 

Water  to  make 1        liter 

Contrast  Positive  Developer 

{Formula  PX) 

Metric 

Elon 1.0  grams 

Sodium  sulphite  (desiccated) 75.0  grams 

Hydroquinone 9.0  grams 

Potassium  carbonate  (desiccated) 25 . 0  grams 

Potassium  bromide 5.0  grams 

Water  to  make 1  liter 

Average  time  of  development:  5-10  minutes  at  65°-70°  F. 

FORMULAE  FOR  REEL  DEVELOPMENT 

Glycin  Negative  Reel  Developer 

Use  Glycin  Negative  Formula  given  above. 

Elon-Hydroquinone  Negative  Reel  Developer 

{Formula  16 Y) 

Metric 

Elon 2.5  grams 

Sodium  sulphite  (desiccated) 100 . 0  grams 

Hydroquinone '.  .  .  .    10 . 0  grams 

Potassium  carbonate  (desiccated) 50 . 0  grams 

Potassium  bromide 5.0  grams 

Water  to  make 1  liter 

Average  time  of  development:  10-20  minutes  at  65°-70°F. 

Elon-Hydroquinone  Positive  Reel  Developer 

{Formula  16X) 

Metric 

Elon 0.5    grams 

Sodium  Sulphite  (desiccated) 100. 0    grams 

Hydroquinone 10.0    grams 

Potassium  carbonate  (desiccated) 100 . 0    grams 

Potassium  bromide 3 .  75  grams 

Water  to  make 1        liter 

Average  time  of  development:  4-10  minutes  at  65°-70°  F. 
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Avoirdupois 

21      ozs. 

21      ozs. 

2%  lbs. 

50  gallons 


Avoirdupois 

2  ozs. 
16^  lbs. 
40      ozs. 

8      lbs. 

6      ozs. 

534  ozs. 
10  ozs. 
50  gallons 


Avoirdupois 
7      ozs. 

33      lbs. 
4      lbs. 

11      lbs. 
2H  lbs. 

50  gallons 


Avoirdupois 
YlYi  ozs. 
44  lbs. 
±Y2  lbs. 
22  lbs. 
2M  lbs. 
50  gallons 


Avoirdupois 
ZYi  ozs. 

44      lbs. 
4y2  lbs. 

44      lbs. 
lMlbs. 

50  gallons 


Preparation  of  Developing  Solutions 

The  ingredients  are  stated  in  the  above  formulae  in  the  order 
in  which  they  should  be  dissolved.  As  a  general  rule  dissolve  the 
sulphite,  then  add  the  reducing  agent,  then  the  alkali  and  bromide, 
and  add  water  to  make  the  required  volume.  Providing  the  sulphite  is 
dissolved  immediately  after  the  elon,  little  or  no  trouble  is  caused  by 
the  slight  amount  of  oxidation  product  formed  when  the  elon  is 
dissolved  alone  in  water.  It  is  best  to  dissolve  the  ingredients  in  a 
separate  bucket  or  crock  and  then  filter  through  a  cloth  into  the 
tank,  although  for  large  quantities  of  chemicals  a  canvas  bag  may  be 
stretched  over  the  tank  and  the  chemicals  dissolved  and  filtered 
simultaneously.  Full  details  are  given  in  the  article  on  "How  to 
Prepare  Photographic  Solutions."5 

Testing  Developing  Solutions 

Developing  solutions  should  always  be  tested  after  preparation 
and  before  use  by  developing  a  strip  of  film  which  has  received  a 
standard  exposure.  The  time  required  to  fix  the  film  should  also  be 
carefully  determined.  A  developing  solution  (except  pyro)  should 
be  almost  colorless  when  correctly  mixed,  so  that  a  colored  solution 
should  be  regarded  with  suspicion.  (See  "Photographic  Methods  of 
Testing  Developers.")3 

Lay-out  of  Chemical  Room 

The  chemical  room  should  be  situated  on  a  floor  above  the 
developing  room  so  that  there  is  no  chance  of  contamination  of  the 
developing  and  drying  rooms  with  chemical  dust,  while  the  solutions 
may  be  piped  to  the  various  rooms  without  the  use  of  pumps.  Mixing 
of  chemical  solutions  directly  in  the  developing  and  fixing  tanks 
should  be  avoided  because  it  is  impossible  to  filter  out  all  dirt  when 
mixing,  and  this  settles  as  a  sludge  at  the  bottom  of  the  tank.  The 
solutions  should  therefore  be  mixed  in  separate  wooden  vats  or 
chemical  stone  ware  crocks  in  the  chemical  room  where  they  can 
clarify  by  settling  and  the  clear  liquid  can  then  be  transferred  to  the 
dark  room.  Cylindrical  crocks  of  chemical  stoneware  sold  for  use 
in  chemical  plants  are  satisfactory  as  containers  for  all  photographic 
solutions.  Containers  above  200  gallons  capacity  should  be  of  wood 
such  as  hypo  vats,  etc.  Faucets  for  the  tanks  and  crocks  should 
preferably  be  of  monel  metal,  or  hard  rubber,  though  brass  silver 
plated  on  the  inside  is  fairly  satisfactory.1  In  case  the  chemical 
room  is  on  the  same  floor  as  the  developing  room  the  hypo  and 
developer  may  be  pumped  through  lead  pipes,  the  joints  of  which  are 
lead  burned  and  not  soldered.  For  small  laboratories  a  reciprocating 
hand-operated  pump  of  hard  rubber  or  brass  silver  plated  on  the  in- 
side by  first  treating  with  exhausted  fixing  solution  and  situated  in  the 
dark  room  is  satisfactory.  For  heavier  work  a  rotary  pump  prefer- 
ably of  monel  metal  or  hard  rubber  should  be  used.  The  floor  of  the 
chemical  room  should  be  covered  with  mastic  and  the  curbing  ar- 
ranged so  that  the  floor  may  frequently  be  flooded  with  a  hose.    The 
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sink  may  be  of  wood  lined  with  thick  lead  sheeting  and  should  be  of 
generous  dimensions. 

Life  of  the  Developing  Solutions 

With  use  a  developer  becomes  exhausted  as  a  result  of  (a)  aerial 
oxidation  of  the  developer  caused  by  contact  of  the  surface  with 
the  air  and  exposure  of  the  developer  to  the  air  by  agitation  of  the 
racks;  (b)  conversion  of  the  exposed  silver  emulsion  to  metallic 
silver  when  the  developer  becomes  converted  to  oxidation  products 
which  restrain  development,  and  (c)  the  formation  of  sodium  bromide 
as  a  by-product  of  the  reduction  of  the  bromide  emulsion  to  metallic 
silver.  The  oxidation  products  are  usually  colored  and  when 
they  reach  a  certain  concentration  will  stain  the  gelatine  film. 
Sodium  bromide  restrains  development.  It  may  be  necessary  there- 
fore to  discard  an  old  developer  either  on  account  of  exhaustion 
as  a  result  of  performing  useful  work  or  because  it  gives  excessive 
stain  or  fog.  The  life  of  the  developer  depends  on  its  particular 
composition  and  whether  it  is  used  continuously  or  intermittently. 
When  used  intermittently  aerial  oxidation  shortens  the  useful 
life  of  the  developer.  The  positive  elon-hydroquinone  devel- 
oper above  (formula  16)  should  develop  from  30  to  40  thousand 
feet  of  positive  film  per  50  gallons  of  solution  over  a  period  of  2  to  3 
weeks.  If  used  continuously  for  2  or  3  days  the  life  should  be  consider- 
ably in  excess  of  this  footage. 

The  best  method  of  reviving  a  developer  is  still  to  be  determined. 
It  is  customary  to  add  additional  developer  to  the  tanks  daily  to  com- 
pensate for  loss  by  absorption  of  the  film,  the  additional  developer 
being  usually  made  double  strength  and  without  bromide.  Some 
workers  draw  off  a  definite  volume  of  the  developer  daily  and  then 
add  fresh  developer;  others  discard  the  developer  entirely  when 
refilling  the  tanks,  though  experience  has  shown  that  the  addition 
of  a  small  quantity,  say  5%  of  old  developer  to  a  new  developer  will 
cause  it  to  give  less  fog  than  a  new  developer  prepared  with  an 
increased  quantity  of  bromide;  that  is,  the  small  amount  of  reaction 
products  tends  to  cut  down  the  fogging  action  of  the  developer.  If  a 
freshly  mixed  developer  shows  fog,  the  fog  can  often  be  eliminated 
by  developing  a  few  racks  of  film.  This  effect  of  " conditioning"  a 
developer  by  slight  usage  is  very  noticeable  in  the  case  of  reel  de- 
velopers. The  anti-fogging  effect  of  the  small  traces  of  reaction 
products  formed  by  actual  development  of  film  is  an  experimentally 
proven  fact  and  the  same  effect  cannot  be  secured  by  the  addition  of 
bromide. 

HOW  TO  DEVELOP  MOTION  PICTURE  FILM 

In  order  to  obtain  a  better  conception  of  what  occurs  during 
development  consider  an  exposed  and  undeveloped  negative  as 
corresponding  to  a  "graded  strip  exposure"  which  when  developed 
will  appear  as  shown  in  Figure  15.  Consider  the  difference  between 
the  exposure  of  the  various  steps  to  be  such  that  on  development  a 
just  perceptible  difference  can  be  observed  between  successive  steps. 
The  number  of  steps  will  then  correspond  to  the  number  of  different 
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tones  in  the  subject  photographed.  Consider  also  step  A  as  cor- 
responding to  the  shadows  of  the  object  photographed  and  step  B 
as  the  highest  light  of  the  object.     In  the  case  of  an  object  photo- 


Fig.  15.     A  Developed  Graded  Exposure  Strip 

graphed  in  sunlight  there  is  a  great  difference  between  the  exposure 
of  steps  A  and  B;  and  the  object  has  a  large  number  of  tones  whereas 
with  dull  lighting  there  is  a  smaller  number  of  tones. 

Effect  of  Time  of  Development 

When  the  exposed  emulsion  is  developed  and  thereby  reduced 
to  metallic  silver,  for  a  given  time  of  development,  the  quantity  of 
silver  produced  is  proportional  to  the  exposure  except  in  the  case  of 
the  extreme  shadows  and  high  lights,  although  in  the  case  of  motion 
picture  negative  film  this  proportionality  exists  over  a  longer  range 
of  exposure  than  for  any  other  known  photographic  material.  The 
mass  of  silver  is  proportional  to  the  opacity  or  blackness  or  density 
of  the  image  as  measured  by  optical  instruments.  We  therefore 
speak  of  the  amount  of  silver  deposit  in  terms  of  "density." 

Consider  an  exposed  graded  strip  developed  for  1,  5,  and  10 
minutes  respectively.    Consider  also  a  cross  section  of  the  developed 


Fig.  16.    Cross-sections  of  Graded  Strips  Developed  for  Different  Times 

strips  as  shown  in  Figure  16.  All  the  densities  increase  with  time  of 
development  in  the  same  proportion.  The  difference  in  density 
between  steps  A  and  B  increases  with  time  of  development;  that  is, 
the  "density  contrast"  or  contrast  of  the  negative  increases  with  time 
of  development.  The  contrast  of  the  negative  increases  most  during 
the  first  7  or  8  minutes  of  development  with,  say,  the  No.  16 
developer,  after  which  it  gains  very  little  in  contrast  until  the  fogging 
point  is  reached  beyond  which  the  negative  loses  contrast.  It  is 
never  advisable  to  develop  longer  than  one  minute  less  than  the 
fogging  point,  so  that  it  is  very  important  at  all  times  to  know  the 
fogging  point  of  the  developer  or  the  time  required  to  produce 
visible  fog.  This  is  determined  by  developing  strips  of  exposed  film 
for  various  times  and  noticing  the  time  of  development  to  produce  a 
just  visible  fog  image. 
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Raising  the  temperature  of  a  developer  hastens  the  rate  of 
development  and  lowering  the  temperature  retards  development, 
especially  with  a  developer  whose  reducing  agent  is  largely  hydroqui- 
none.  Change  of  temperature  also  changes  the  fogging  point;  that  is, 
if  a  developer  fogs  in,  say,  11  minutes  at  65°  F.,  it  will  probably  fog  in 
7  minutes  at  75°  F.  Increase  in  temperature  also  hastens  the  rate  of 
aerial  oxidation  so  that  developers  do  not  keep  as  well  in  warm  weath- 
er. In  order  to  duplicate  results  it  is  therefore  very  important  to 
maintain  the  developer  at  a  constant  temperature  or  to  know  at  least 
the  actual  temperature  of  the  developer.  To  secure  a  given  contrast, 
if  the  temperature  of  the  developer  rises  the  time  of  development 
should  be  shortened  and  vice  versa. 

Effect  of  Dilution  and  Age 

Dilution  has  the  same  initial  effect  on  development  as  lowering 
the  temperature.  With  age  it  is  necessary  to  develop  for  a  longer 
time  in  order  to  secure  a  given  contrast,  while  owing  to  the  accumula- 
tion of  reaction  products  of  development,  in  order  to  duplicate  a 
result  obtained  with  the  new  developer  it  is  necessary  to  increase 
both  the  exposure  and  time  of  development. 

Effect  of  Rate  of  Agitation 

Since  the  products  of  development;  namely,  oxidation  products 
and  sodium  bromide,  retard  development,  if  a  rack  of  film  is  allowed 
to  remain  stationary  in  a  tank  the  by-products  of  development 
remain  in  the  vicinity  of  the  emulsion  and  therefore  retard  develop- 
ment. If  the  rack  or  developer  is  agitated,  fresh  developer  is  brought 
into  contact  with  the  film  so  that  development  can  proceed  without 
retardation.  Experiments  have  shown  that  with  the  same  exposure 
the  density  obtained  by  moving  the  rack  may  be  as  much  as  25% 
greater  than  when  the  rack  remains  stationary.  In  order  to  duplicate 
results,  therefore,  it  is  very  important  to  duplicate  the  degree  of  agita- 
tion of  the  film. 

HOW  TO  DEVELOP  NEGATIVE  FILM 

As  explained  above  negatives  differ  in  density  contrast  even 
when  developed  for  the  same  time,  because  of  differences  in  the 
brightness  contrast  of  the  subject  photographed;  for  instance,  a 
negative  exposed  on  a  sunlit  object  has  a  greater  density  contrast 
than  one  fully  exposed  on  a  flat  subject  when  the  two  are  developed 
for  the  same  time.  The  professional  photographer  usually  compen- 
sates for  this  difference  by  using  different  printing  papers;  that  is,  he 
uses  a  contrasty  paper  for  a  negative  with  low  density  contrast  and 
thereby  secures  a  bright  looking  print  of  a  flat  looking  object,  which 
is  very  desirable  in  many  cases,  though  in  other  cases  where  it  is 
necessary  to  reproduce  the  dull  appearance  of  the  object  he  uses  a 
softer  paper.  In  motion  picture  work  only  one  printing  material, 
namely,  positive  film,  is  available.  This  film  has  the  property  that 
its  contrast  can  be  increased  by  prolonging  development  so  that  to 
secure  uniform  prints  from  both  contrasty  and  flat  negatives  it  is 
necessary  to  develop  the  positive  film  for  different  times.     In  case 
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contrasty  and  flat  scenes  occur  in  succession  it  is.  of  course,  not  prac- 
tical to  develop  these  individual  positive  scenes  separately,  both  on 
account  of  the  extra  labor  involved  and  the  desirability  of  having  as 
few  splices  as  possible  in  the  positive  film.  It  is  necessary,  therefore, 
that  the  various  scenes  of  the  developed  negative  should  have 
approximately  the  same  density  contrast  or  such  a  density  contrast 
that  when  the  positive  scenes  are  developed  for  the  same  time  the 
desired  screen  contrast  is  secured. 

The  only  way  to  secure  this  end  is  to  develop  each  scene  of  the 
negative  separately  and  individually.  The  camera  man  usually  makes 
a  punch  mark  in  the  film  whenever  the  exposure  or  the  conditions  of 
lighting  have  been  changed,  and  the  film  should  be  separated  here  and 
given  individual  treatment. 

Two  methods  of  development  are  possible. 

1.  The  safest  and  best  method  is  to  remove  a  short  length  from 
the  end  of  the  film,  say,  9  or  12  inches  or  two  pieces,  if  possible, 
and  develop  these  by  inspection.  Most  camera  men  expose  two 
or  three  extra  feet  of  film  in  order  to  take  care  of  this  sampling. 
A  careful  record  should  be  made  of  the  temperature  and  time  of 
development.  The  degree  of  agitation  of  the  rack  during  develop- 
ment of  the  sample  should  be  the  same  as  when  developing  the  nega- 
tive proper,  because  the  rate  of  development  is  affected  by  the  degree 
of  agitation  of  the  rack  as  explained  above.  From  an  examination 
of  the  developed  samples  the  correct  time  of  development  can  be 
determined  and  the  roll  proper  should  then  be  developed  for  the  same 
time  and  at  the  same  temperature  and  developer  condition,  with  the 
same  degree  of  agitation  of  the  rack.  This  method  of  making  a  pre- 
liminary test  eliminates  the  possibility  of  over -developing  night 
scenes  and  flatly  lighted  effects. 

2.  If  it  is  not  possible  to  develop  a  preliminary  sample,  then  the 
time  of  development  must  be  determined  by  inspection  of  the  film 
during  development.  If  the  operator  is  acquainted  with  the  subject 
photographed;  that  is,  if  he  knows  whether  it  was  brilliantly  lighted 
or  not,  or  whether  soft  or  contrasty  effects  are  desired  in  the  final 
print,  this  information  is  of  great  assistance.  If  he  knows  nothing 
of  the  previous  history  of  the  film  he  must  rely  entirely  on  his  experi- 
ence and  good  judgment.  The  rate  of  growth  of  the  image  during  the 
first  minute  or  two  of  development  should  be  carefully  observed  and 
the  operator  should  know  by  previous  experiments  the  behavior  of 
under-,  over-  and  normally  exposed  negatives  of  subjects  of  varying 
brightness  contrast  during  the  first  stages  of  development.  It  is 
necessary  therefore  to  lift  the  rack  out  of  the  developer  two  or  three 
times  during  the  first  two  minutes  for  inspection,  though  the  inspec- 
tion should  be  made  quickly,  otherwise  if  the  rack  is  allowed  to  re- 
main out  of  the  developer  for  more  than  a  few  seconds  development 
streaks  are  liable  to  be  produced. 

(a)  If  the  shadows  appear  quickly  after  the  highlights  then  the 
film  is  fully  exposed  and  possibly  over-exposed,  so  that  in  order  to 
secure  the  necessary  density  contrast,  the  time  of  development  should 
be  at  least  normal  unless  in  the  case  of  a  contrasty  subject.  Full 
development  will  give  a  dense  looking  negative  with  dense  high- 
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lights  which  will  require  more  printing  exposure,  but  this  is  im- 
material provided  the  contrast  of  the  negative  is  correct.  Develop- 
ment should  not  be  carried  so  far  that  it  is  not  possible  to  print 
through  the  highest  light  of  the  negative  with  the  strongest  light  of 
the  printer. 

(b)  If  the  shadows  appear  very  slowly  after  the  highlights,  this 
indicates  under-exposure,  or  a  special  effect,  so  that  development 
should  usually  be  prolonged  in  a  developer  rich  in  elon  which  does  not 
give  excessive  contrast. 

(c)  If  the  difference  in  time  of  appearance  of  the  shadows  and 
highlights  is  normal  the  development  time  should  be  normal. 

The  Development  of  Und-er-Exposures 

Under-exposed  negatives  may  be  of  two  kinds  as  follows : 

1.  Under-exposures  of  contrasty  or  brilliantly  lighted  subjects. 
The  developed  negative  has  strong  highlights  while  the  shadows  are 
weak.  As  explained  above  the  development  should  be  for  an  average 
time  in  a  developer  rich  in  elon  which  does  not  give  high  contrast. 
It  is  preferable  to  force  development  and  subsequently  reduce  in  an 
ammonium  persulphate  reducer,  rather  than  to  lose  shadow  detail. 

2.  Under-exposures  of  flatly  lighted  subjects.  If  the  behavior  of 
the  negative  during  the  first  few  minutes  indicates  that  it  will  not  be 
possible  to  secure  the  necessary  density  contrast  when  developing  to 
the  fogging  point,  the  film  should  be  transferred  to  a  contrast  devel- 
oper, such  as  the  contrast  formula  given  on  page  178.  The  film  should 
be  well  rinsed  for  at  least  30  seconds  before  transferring,  otherwise 
the  effect  of  the  strong  alkali  in  the  contrast  developer  on  the  elon 
retained  in  the  film  is  liable  to  produce  dichroic  fog. 

In  all  cases  development  should  never  be  carried  beyond  the 
fogging  point  because  fog  usually  grows  at  a  greater  rate  than  the 
silver  image,  and  fog  destroys  highlight  detail  and  lowers  density 
contrast.  It  has  been  shown  by  Nietz6  that  in  the  case  of  develop- 
ers of  high  reducing  power,  like  elon,  the  addition  of  bromide  restrains 
fog  more  than  the  image,  so  that  in  the  case  of  certain  formulae  for 
developing  under-exposures  it  is  advisable  to  add  a  considerable 
quantity  of  potassium  bromide.  The  following  is  the  best  present 
known  formula  for  under-exposure  work. 

Metric  Avoirdupois 

Elon 16  grams  6  lbs.  10  ozs. 

Sodium  sulphite  (desiccated) 60  grams  25  lbs. 

Hydroquinone 16  grams  6  lbs.  10  ozs. 

Caustic  soda 10  grams  4  lbs.     2  ozs. 

Potassium  bromide 10  grams  4  lbs.     2  ozs. 

Water  to  make 1  liter  50  gal. 

then  add  denatured  alcohol 50  cc.  2^  gal. 

The  alcohol  is  added  to  prevent  the  precipitation  of  the  elon  and 
hydroquinone. 

The  prepared  developer  does  not  keep  more  than  a  few  days. 
Development  is  usually  complete  in  4  to  5  minutes  at  70°  F. 
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Methods  of  Illuminating  the  Negative  During  Inspection 

If  the  developing  tanks  are  situated  lengthwise  parallel  to  a 
wall,  a  full  frame  width  illuminator  may  be  placed  behind  the  tank 
so  that  the  entire  width  of  the  rack  may  be  viewed.  If  the  tanks  are 
placed  side  by  side  in  a  row,  as  shown  in  Figure  14,  the  placing  of  a 
full  width  illuminator  between  the  tanks  is  not  practical.  A  small 
pocket  flash  lamp  fitted  with  a  safelight  about  3"  square  in  front  of 
the  lens  is  very  satisfactory  and  has  the  added  advantage  that  it  is 
free  from  fire  hazards. 

By  covering  the  front  of  the  lamp  with  a  mask  in  which  a  hole 
the  size  of  one  picture  frame  is  cut  (l"x  %")  the  detail  of  the  devel- 
oped image  is  much  more  readily  visible  than  when  the  film  is  exam- 
ined against  a  large  illuminator. 

The  appearance  of  the  image  during  the  first  few  minutes  should 
be  observed  by  reflected  light ;  that  is,  by  viewing  the  surface  of  the 
film.  As  development  proceeds  unless  a  light  strong  enough  to  fog 
the  film  is  used,  in  most  cases  the  surface  of  the  film  appears  black 
over  the  entire  surface,  especially  when  developers  containing  a  large 
percentage  of  elon  are  used.  It  is  then  necessary  to  look  through  the 
film  by  transmitted  light  in  order  to  judge  the  density  of  the  high- 
lights and  shadows. 

Development  should  be  stopped  when  the  difference  in  density 
between  the  highlights  and  shadows  is  sufficiently  great.  In  the  case 
of  over-exposures  when  it  is  difficult  to  estimate  this  density  differ- 
ence, development  should  be  stopped  when  the  density  of  the  high- 
light approaches  the  limiting  density  which  it  is  possible  to  print 
through  on  the  printer. 

As  a  result  of  the  recent  introduction  of  so-called  "desensitizers" 
the  examination  of  negative  film  during  development  has  been  greatly 
facilitated.  A  desensitizer  has  the  property  of  diminishing  the  light 
sensitiveness  of  an  emulsion  after  exposure  without  destroying  the 
latent  image.  Pinakryptol  Green  is  the  most  satisfactory  desensitizer 
known  to  date  and  is  procurable  from  H.  A.  Metz,  New  York  City. 
With  an  MQ  developer,  by  adding  1  part  of  Pinakryptol  Green  per 
25,000  parts  of  developer,  after  development  has  proceeded  for  one 
minute  it  is  possible  to  inspect  negative  film  with  a  Seires  00  safelight 
(light  yellow) .  The  film  may  be  previously  bathed  in  a  1 :5000  solu- 
tion of  the  desensitizer  before  development  using  the  regular  devel- 
oper, and  this  procedure  is  advisable  when  the  film  is  soaked  previous 
to  development,  when  the  desensitizing  bath  takes  the  place  of  the 
water  soak.  Care  must  be  taken  not  to  allow  the  Series  00  safelight 
to  shine  on  the  undeveloped  loaded  racks  and  this  is  insured  when 
the  pocket  flash  lamp  type  of  safelight  is  used  for  examining. 

Manipulative  Details  for  Developing  Negative  Film 

Soaking.  Some  workers  thoroughly  wet  the  film  before  plac- 
ing in  the  developer  by  soaking  for  4  or  5  minutes  in  water  or  in  a 
solution  of  sodium  carbonate  (about  0 . 2%) .  This  preliminary  soak- 
ing tends  to  prevent  airbells  when  the  film  is  placed  in  the  developer, 
while  the  carbonate  bath  tends  to  overcome  the  repellency  of  oil 
spots  on  the  film,  which  may  have  been  produced  in  the  camera. 
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(Note — the  carbonate  bath  does  not  remove  heavy  spots  of  machine 
oil.) 

There  is  no  advantage  in  soaking  providing  no  airbells  are  pro- 
duced in  development.  Airbells  are  liable  to  occur  occasionally  in 
spite  of  careful  manipulation  but  may  be  prevented  by  preliminary 
soaking. 

The  manipulation  of  the  rack  during  development  should  be 
standardized  as  follows: 

1.  After  the  "soak"  allow  the  film  to  drain  for  a  few  seconds, 
then  slowly  and  carefully  insert  the  rack  into  the  developer,  so  that 
the  developer  surface  is  not  disturbed  so  as  to  cause  froth.  Drop  the 
rack  slowly,  otherwise  if  dropped  quickly  into  the  developer  airbells 
are  trapped  and  when  once  formed  are  difficult  to  remove. 

2.  When  thoroughly  immersed,  move  the  rack  up  and  down  as 
far  as  possible  without  exposing  above  the  surface  of  the  solution,  in 
order  to  insure  uniform  access  of  the  developer  to  the  film.  This 
preliminary  motion  is  absolutely  necessary  in  order  to  prevent 
streakiness  and  unevenness.  The  film  should  be  examined  at  the 
end  of  30  seconds  and  one  minute.  Every  succeeding  minute  the 
rack  should  be  lifted  almost  completely  out  of  the  solution  and 
then  re-immersed  immediately  in  order  to  stir  up  the  developer 
and  prevent  rack  marks  (see  under  "rack  marks"  below). 

3.  When  development  is  complete  rinse  for  a  definite  time,  say 
10  seconds,  place  in  the  fixing  bath  and  continue  to  move  the  rack  for 
several  seconds  in  order  to  insure  that  the  fixing  bath  has  thorough 
access  to  tjie  film  and  arrests  development,  otherwise  fixing  bath 
streaks  will  be  produced  and  these  streaks  will  be  particularly  notice- 
able if  the  film  is  subsequently  toned. 

The  Development  of  Panchromatic  Motion  Picture  Negative  Film 

Developing  solutions  used  for  regular  film  are  equally  satisfac- 
tory for  developing  panchromatic  film. 

Owing  to  the  extreme  color  sensitiveness  of  panchromatic  nega- 
tive film,  visual  inspection  of  the  film  during  development  is  almost 
prohibitive.  When  using  a  Series  3  ceiling  safelight,  after  remaining 
in  the  dark  room  for  about  one-half  hour  it  is  possible  to  discern 
objects  sufficiently  well  to  enable  the  film  to  be  wound  on  the  frames 
without  difficulty.  It  is  always  preferable  to  make  a  preliminary 
development  test  and  then  develop  the  film  proper  by  the  time  and 
temperature  method.  Panchromatic  film  is  usually  more  contrasty 
than  regular  or  superspeed  film,  and  therefore  requires  a  shorter  time 
of  development.  During  development  the  film  should  not  be  exam- 
ined for  more  than  2  or  3  seconds  even  with  a  Series  3  pocket  flash 
lamp  safelight. 

Desensitizers  do  not  desensitize  panchromatic  emulsions  to  the 
same  extent  as  regular  emulsions  though  the  use  of  Pinakryptol 
Green  in  the  developer  is  recommended,  when  after  2  minutes  the 
film  may  be  freely  examined  with  the  Series  3  safelight  above. 
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Negative  Quality 

Opinions  differ  as  to  the  best  average  density  contrast  to  be 
aimed  at  during  development.  Equally  good  positives  can  be 
secured  from  negatives  of  widely  varying  contrast,  though  extremely 
flat  negatives  require  a  long  time  of  development  for  the  positive. 

Very  contrasty  negatives  require  heavy  printer  exposures  and  it 
is  necessary  to  use  either  a  weak  developer  for  the  positive  or  to 
develop  for  only  a  very  short  time.  With  under-exposures  of  flat 
subjects  it  is  only  possible  to  secure  a  certain  limiting  contrast  and  the 
greater  the  difference  between  this  limiting  contrast  and  the  average 
negative  contrast  the  greater  is  the  difficulty  in  securing  uniformity 
of  the  various  scenes  of  the  positive.  It  is  therefore  advisable  to 
keep  the  average  contrast  of  the  negatives  on  the  low  side  by  slightly 
under-de  velo  ping . 

TIMING  THE  NEGATIVE 

In  the  early  days  of  motion  picture  photography  the  printing 
exposure  was  determined  by  the  printing  machine  operator  who 
simply  guessed  at  the  exposure  when  viewing  the  film  in  the  printing 
gate.  In  most  laboratories  at  the  present  time  the  negative  is 
"timed"  as  a  separate  operation  before  printing  by  a  so-called  "timer" 
who  assigns  printing  exposures  to  the  various  scenes  according  to  his 
judgment.  When  assigning  a  definite  exposure  to  a  particular  scene 
the  "timer"  selects  the  portion  of  the  negative  which  it  is  neces- 
sary to  just  print  through  and  then  estimates  the  density  of  this 
particular  portion  of  the  negative  visually.  Many  "timers"  are 
very  expert  in  measuring  densities  which  are,  of  course,  given  in 
terms  of  printer  exposures.  In  the  case  of  studio  exposures  when  the 
exposure  ranges  from  say  5  to  12  on  the  printer,  the  percentage  of 
mistakes  is  usually  very  low,  though  the  percentage  is  much  greater 
when  negatives  widely  differing  in  density  contrast  are  examined  in 
rapid  succession.  It  is  also  necessary  to  make  an  allowance  for  the 
yellow  color  of  pyro  developed  negatives.  In  case  a  series  of  negatives 
has  to  be  developed  for  different  times  the  "timer"  has  to  alter  his 
standard  of  comparison  thus  increasing  the  liability  of  error. 

The  best  method  of  timing  negatives  is  to  make  a  series  of  expo- 
sures from  each  scene,  develop  these  for  varying  times,  and  select 
the  best  exposure  by  viewing  the  developed  positives.  This  procedure 
requires  more  time  to  accomplish  than  visual  "timing"  and  consumes 
at  least  6  inches  of  positive  film  per  scene  but  requires  skilled  labor 
only  for  examination  of  the  developed  positive  tests. 

The  series  of  test  exposures  on  each  scene  may  be  made  either 
with  a  specially  modified  printer  or  by  means  of  a  separate  instru- 
ment termed  a  "sensitometer."  The  regular  printing  machine  may 
be  used  for  timing  by  fitting  a  special  attachment  which  auto- 
matically changes  the  light  intensity  to  the  next  step  after  each  pull 
down,  though  it  is  preferable  to  perform  the  timing  operation  on  a 
special  machine  which  makes  the  several  exposures  in  one  operation, 
thus  eliminating  wear  and  tear  on  the  negative  and  the  possibility  of 
scratching  it. 
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A  suitable  sensitometer  has  been  fully  described  by  Jones  and 
Crabtree7  which  consists  essentially  of  a  printing  machine  which 
exposes  the  negative  through  a  graded  density  tablet,  the  density 
steps  of  which  are  such  that  with  the  proper  time  of  exposure  the 


Fig.  17.     A  Typical  Developed  Sensitometer  Test  Strip 

positive  film  receives  exposures  over  a  distance  of  9  or  more  frames 
equivalent  to  those  given  by  the  various  light  steps  on  the  printer. 
The  appearance  of  a  typical  sensitometer  test  strip  is  shown  in  Figure 
17.  The  number  on  the  picture  frame  judged  to  be  correct  gives  the 
printer  exposure  number.  Some  workers  prefer  to  use  a  sensitometer 
with  more  than  9  steps,  though  for  most  work  9  steps  are  sufficient. 

A  non-automatic  sensitometer  which  operates  more  slowly  than 
the  one  described  above  but  which  is  satisfactory  for  small  laborato- 
ries and  is  of  simple  construction  is  shown  in  Figure  18.  This  consists 
essentially  of  a  printing  box  fitted  with  a  12"  tubular  lamp  below 
the  sensitometer  tablet  UT."  The  negative  is  first  positioned  over 
the  tablet,  then  the  positive  film  is  positioned  and  the  platen  "P" 
lowered  which  depresses  a  switch  "S"  which  lights  the  lamp.  The 
negative  film  is  positioned  over  positioning  pins  at  "X"  which  can  be 
adjusted  by  means  of  a  screw,  thus  registering  the  frame  lines  of 
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the  negative  with  the  frame  lines  of  the  tablet.  It  is  very  necessary 
to  maintain  a  constant  voltage  on  the  lamp  circuit  which  in  the  case 
of  a  variable  line  voltage  is  most  easily  performed  by  means  of  a  sliding 
rheostat.     The  Research  Laboratory  of  the  Eastman  Kodak  Com- 


Fig.  18.     A  Simple  Motion  Picture  Sensitometer 

pany  will  co-operate  with  laboratories  in  constructing  sensitometer 
tablets  adapted  to  their  particular  printer.  A  tablet  can  be  con- 
structed by  trial  and  error  by  building  up  the  various  steps  of  the 
tablet  from  sheets  of  flashed  positive  film  developed  to  different 
densities.  The  sensitometer  should  be  tested  daily  to  determine 
whether  the  standard  exposure  given  is  correct  or  not.  This  test  is 
made  by  making  a  series  of  tests  of  varying  exposure  times  on  positive 


Fig.  19.     Illuminator  for  Examining  Sensitometer  Tests 
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film  and  developing  this  film  with  a  strip  flashed  at  a  definite  step, 
say  step  5,  on  the  printer.  The  density  of  this  printer  exposure  will 
correspond  with  the  density  of  step  5  on  the  sensitometer  tablet 
when  the  sensitometer  strip  is  correctly  exposed. 

When  selecting  the  correct  exposures  from  the  developed  sensi- 
tometer samples  inspection  is  facilitated  by  separating  the  individual 
test  pieces  and  arranging  these  on  an  illuminator  fitted  with  a  row  of 
apertures  so  as  to  frame  the  individual  pictures  as  shown  in  Figure 
19.  In  this  way  the  densities  of  the  various  scenes  can  be  matched 
much  more  precisely  than  if  the  sensitometer  samples  are  inspected 
individually  in  succession. 

HOW  TO  DEVELOP  POSITIVE  MOTION  PICTURE 

FILM 

The  quality  of  a  motion  picture  is  judged  by  the  positive  quality 
on  the  screen.  It  is  difficult  to  precisely  define  good  positive  quality 
though  the  picture  should  have  full  highlight  and  shadow  detail  and 
should  not  be  too  flat  or  contrasty.  It  is  largely  with  regard  to 
contrast  that  personal  opinions  differ  but  the  laboratory  must  meet 
the  views  of  the  buyer  and  must  know  how  to  secure  any  desired 
effect.  It  has  been  found  that  a  minimum  shadow  density  of  1.4  is 
necessary  to  give  the  picture  sufficient  contrast  to  meet  the  approval 
even  of  those  preferring  soft  pictures.  (See  "Printing  Exposure  and 
Densit}'  in  Motion  Picture  Positives."9)  In  special  cases  where  the 
object  of  interest  is  situated  in  the  shadows  it  should  be  aimed  to 
secure  the  maximum  contrast  in  that  portion,  the  remainder  of  the 
picture  being  neglected.  The  advantage  of  making  sensitometer  test 
strips  is  that  the  final  picture  can  be  examined  and  in  many  cases  it 
is  best  to  project  samples  developed  to  different  contrasts  in  order 
to  determine  the  standard  of  quality  required  by  the  buyer. 

Successive  scenes  in  the  average  negative  often  vary  in  densit}^ 
contrast  and  to  secure  the  best  results  each  positive  scene  may 
require  a  different  time  of  development.  In  many  cases  cutting 
of  the  negative  so  as  to  separate  the  various  scenes  is  not  permissible 
while  it  is  desirable  to  have  as  few  splices  as  possible  in  the  positive 
in  order  to  eliminate  breakages  during  projection.  Three  different 
methods  of  procedure  are  therefore  possible. 

(a)  If  it  is  possible  to  cut  up  the  negative,  the  various  scenes 
should  be  arranged  in  three  classes:  contrasty,  soft,  and  normal,  and 
each  class  treated  separately.  In  dealing  with  very  contrasty  scenes 
it  is  desirable  to  use  a  slow  working  developer  so  that  the  time  of 
development  is  not  less  than  3  or  4  minutes,  which  is  a  minimum 
time  of  development  to  insure  control  when  duplicating  results.  The 
MQ  negative  developer  is  very  useful  for  securing  soft  positives  from 
contrasty  negatives.  If  very  extreme  contrast  is  required  from 
soft  negatives  use  the  contrast  positive  developer  and  develop  to 
within  one  minute  of  the  fogging  point.  The  positive  scenes  should 
then  be  cut  up  and  re-assembled  in  their  correct  order. 

(b)  If  cutting  of  the  negative  is  not  permissible,  then  the  unde- 
veloped positive  scenes  should  be  assembled  as  above  and  as  far  as 
possible  in  the  order  of  similar  tints  and  tones. 
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(c)  If  it  is  not  possible  to  cut  up  the  negative  and  if  a  minimum 
number  of  splices  are  required  then  the  entire  200-foot  roll  of  positive 
must  be  developed  for  the  same  time.  The  best  time  of  development 
for  the  roll  is  determined  by  the  time  of  development  required  by  the 
largest  number  of  scenes  of  the  same  density  contrast.  This  should 
be  determined  from  the  printer  chart  which  is  usually  set  up  as 
follows : 

Scene — Subject — Footage — Color  of  Base — Tone — Exposure — Time  of  Develop- 
ment of  Sample — 0.  K.  Time  of  Development. 

The  operator  who  charts  the  negative  should  indicate  according 
to  his  judgment  the  approximate  time  of  development  for  each  scene 
and  indicate  this  on  the  chart;  that  is,  he  should  roughly  estimate 
visually  the  density  contrast  of  the  various  scenes  in  terms  of  "times 
of  development"  which  are,  of  course,  inversely  proportional  to  the 
density  contrast.  The  time  of  development  of  the  sample  test  should 
then  be  determined  by  reference  to  this  chart.  If  the  number  of  con- 
trasty  and  flat  scenes  are  about  equal,  then  an  intermediate  time  of 
development  should  be  chosen,  whereas  if  there  are  only  a  few  con- 
trasty  or  flat  scenes  the  time  of  development  should  favor  the  major- 
ity of  the  scenes.  If  the  roll  is  given  normal  development  the  flat 
scenes  should  be  given  sufficient  exposure  to  give  the  least  permissible 
shadow  density  so  that  the  highlights  will  not  be  too  much  over- 
exposed. With  contrasty  scenes  sufficient  exposure  should  be  given 
to  give  a  fair  amount  of  highlight  detail  without  blocking  up  the 
shadows. 

Time  of  Development  of  Positive  Film 

Positive  film  may  be  developed  either  by  (1)  the  time  and  tem- 
perature method  or  (2)  by  inspection. 

1.  If  two  pieces  of  film  which  have  received  equal  exposures  are 
developed  in  the  same  developer  for  the  same  time  and  at  the  same 
temperature  with  the  same  amount  of  agitation,  then  the  densities  of 
the  final  silver  image  for  all  practical  purposes  will  be  identical. 
When  making  duplicates  the  four  factors,  time  of  development, 
temperature  of  the  developer,  the  degree  of  agitation  of  the  rack,  and 
the  degree  of  exhaustion  of  the  developer,  must  be  considered.  It  is 
always  desirable  to  make  duplicates  of  the  same  scene  in  succession 
so  that  exhaustion  of  the  developer  will  not  play  an  important  part. 
In  the  same  way  it  is  desirable  to  make  the  positive  prints  as  soon 
as  possible  after  making  the  sensitometer  samples.  When  duplicates 
are  not  developed  on  the  same  day  as  the  sensitometer  samples,  and 
if  the  temperature  is  not  maintained  constant,  a  temperature  and  ex- 
haustion correction  must  be  made.  Typical  temperature  and 
exhaustion  correction  curves  are  shown  in  Figures  20  and  21.  The 
exhaustion  curve  is  readily  made  by  developing  a  standard  expo- 
sure by  inspection  during  the  life  of  the  developer,  for  instance,  if 
the  time  of  development  of  the  sample  was  5^  minutes  at  an  ex- 
haustion point  of  5000  feet,  the  time  of  development  might  be  63^ 
minutes  when  15,000  feet  had  been  developed.  Such  a  chart  should 
be  constructed  for  each  developing  solution.  In  the  same  way  time 
and  temperature  curves  as  shown  in  Figure  21  may  be  constructed. 
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Fig.  20. 
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If  the  positive  prints  are  not  developed  very  soon  after  the  sample 
tests  are  made,  it  is  necessary  either  to  know  the  extent  of  the  inter- 
mediate exhaustion  of  the  developer  or  to  develop  the  film  by  inspec- 


tion. 
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Fig.  21.    Curves  Showing  Effect  of  Exhaustion  on  Time  of  Development 
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When  examining  test  samples,  they  should  be  viewed  against  a 
sheet  of  opal  glass  illuminated  from  behind  and  compared  at  the 
same  distance  from  the  illuminator  with  positive  standards  which 
have  been  approved  by  projection.  When  film  is  viewed  at  a  dis- 
tance, say  one  foot,  from  the  opal  illuminator,  the  picture  appears 
much  more  contrasty  than  when  viewed  at  a  distance  of,  say  one- 
half  inch,  because  in  this  way  the  viewing  light  is  diffuse  while  at  a 
distance  of  one  foot  the  rays  of  light  are  more  parallel.  In  the  same 
way  film  examined  against  a  clear  window  appears  more  contrasty 
than  when  viewed  close  to  opal  or  ground  glass.  When  viewing  film 
against  an  illuminator  samples  of  two  or  three  typical  scenes  which 
are  known  to  be  of  good  quality  on  projection  should  be  affixed  to 
the  illuminator  and  the  film  compared  with  these  samples  for  shadow 
density  and  contrast,  and  at  the  same  distance  from  the  illuminator 
as  the  samples. 

2.  When  "timing"  negatives  visually  and  when  temperature 
control  of  the  developer  is  not  possible,  it  is  necessary  to  judge  the 
progress  of  development  of  the  positive  by  visual  inspection.  Some 
workers  examine  developed  images  when  looking  through  the  back 
of  the  film  against  a  source  of  light,  others  look  through  the  face  of 
the  film,  while  others  examine  the  surface  by  reflected  light.  The 
surface  method  of  inspection  is  to  be  recommended  because  growth 
of  highlight  detail  can  be  examined  much  more  precisely  in  this  way 
than  when  viewing  by  transmitted  light  by  looking  through  the  film. 
Development  is  usually  stopped  when  the  desired  highlight  detail 
has  developed  up  or  in  the  case  of  close-ups  when  there  is  a  definite 
density  of  silver  over  the  cheek  of  the  face.  At  this  point  the  film 
should  be  examined  also  by  transmitted  light  in  order  to  judge  the 
shadow  density  and  the  density  contrast.  If  the  contrast  is  not 
sufficient  even  when  the  desired  density  has  been  secured  in  the 
highlights  it  is  better  to  push  the  development  a  little  further.  If  the 
contrast  is  too  great,  the  scene  should  be  reprinted  with  more  expo- 
sure. When  the  scenes  in  the  negative  vary  in  density  contrast  the 
time  of  development  must  be  adjusted  to  take  care  of  the  majority 
of  scenes  having  the  same  density  contrast.  As  explained  above  the 
contrasty  and  flat  scenes  must  then  take  care  of  themselves. 

Attempts  have  been  made  from  time  to  time  to  adapt  the  Wat- 
kins'  system  to  the  development  of  positive  film.  According  to 
Watkins  the  time  of  development  is  equal  to  the  time  of  the  first 
appearance  of  the  image  multiplied  by  a  certain  factor  which  is 
determined  for  each  developer.  This  method  has  the  advantage 
that  no  account  need  be  taken  of  the  temperature  and  exhaustion  of 
the  developer,  though  the  question  arises  as  to  what  portion  of  the 
image  should  be  observed  when  determining  the  time  of  appearance. 
In  positive  work  the  highlights  are  of  the  greatest  importance  and 
not  the  shadows.  The  degree  of  agitation  of  the  rack  during  examina- 
tion is  also  a  disturbing  factor  unless  the  subsequent  rate  of  agitation 
after  the  determination  of  the  time  of  appearance  is  analogous  to  the 
initial  agitation. 
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Manipulative  Details  for  Developing  Positive  Film 

1.  Soaking.  Many  workers  give  positive  film  a  preliminary  soak 
in  water  to  prevent  airbells.  This  procedure  is  quite  effective  in 
preventing  airbells,  though  after  immersing  in  the  developer  the 
racks  should  be  continuously  agitated  for  the  first  minute  to  in- 
sure thorough  access  of  the  developer  to  the  surface  of  the  film; 
otherwise  streaks  and  uneven  development  will  result.  It  is  not  neces- 
sary to  give  a  preliminary  soak  if  the  rack  is  dipped  gently  into  the 
developer  and  then  allowed  to  drop  slowly  as  when  handling  negative 
racks. 

2.  Motion  of  Rack.  (See  under  "rack  marks"  below.)  The  best 
procedure  with  the  ordinary  positive  rack  is  to  lift  the  rack  out  of  the 
solution  several  times  during  development.  This  motion  of  the  rack 
tends  to  stir  up  the  developer  and  prevent  rack  marks.  The  motion 
of  the  sensitometer  samples  must  be  exactly  the  same  as  that  of  the 
printed  scenes. 

3.  Inspection.  Film  should  be  inspected  by  viewing  the  surface 
by  reflected  light,  and  finally  by  looking  through  the  film,  preferably 
with  the  aid  of  a  pocket  flashlight  fitted  with  a  Series  0  or  1  Wratten 
Safelight. 

4.  Rinsing.  After  development,  rinse  for  a  definite  time,  say 
10  seconds,  before  fixing,  because  development  proceeds  almost  at  a 
normal  rate  during  rinsing.  After  allowing  to  drain  for  a  standard 
time,  say  2  seconds,  immerse  in  the  fixing  tank  and  move  the  rack  up 
and  down  while  still  completely  immersed  in  the  solution  so  as  to 
insure  that  the  acid  in  the  fixing  bath  immediately  neutralizes  the 
alkali  in  the  developer  still  retained  by  the  film  and  so  arrests  develop- 
ment. 

Instructions  for  Dark  Room  Operator 

1.  Stir  developer  in  tank  every  morning  and  frequently  during 
the  day  to  insure  an  even  temperature  thruout. 

2.  Examine  fixing  baths  frequently  for  scum  and  remove  this 
by  drawing  the  edge  of  a  sheet  of  blotting  paper  across  the  surface 
of  the  tank. 

3.  Make  temperature  and  fog  tests  frequently.  Temperature 
of  solutions  should  be  between  65°  and  70°  F. 

4.  Maintain  a  standard  agitation  of  racks  when  developing. 

5.  Keep  a  record  of  footage  developed. 

If  the  time  of  development  is  determined  by  inspection,  test  the 
condition  of  the  developer  at  frequent  intervals  by  developing  samples 
of  printed  film  which  have  been  given  a  definite  standard  exposure  and 
determine  the  time  of  development  required  to  match  a  standard. 

Troubles  in  Development. 

1.  Airbells.  These  occur  as  clear  white  circles  varying  in  size 
from  a  pin  point  to  a  pin  head  and  usually  extend  in  a  line  across  the 
film  at  positions  corresponding  to  the  top  and  bottom  of  the  rack. 
(See  figure  22.)  Airbells  on  the  negative  therefore  print  as  black 
spots  on  the  positive,  though  most  airbells  occur  on  positive  film 
because  negative  is  usually  given  a  preliminary  soaking  and  is  usually 
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handled  with  much  greater  care.  They  can  be  prevented  by  a  pre- 
liminary soaking  in  water  and  by  care  in  manipulation.  (See  manip- 
ulative details  above.) 

In  the  case  of  the  roller  rack  shown  in  figure  24,  by  passing  a 
soft  brush  along  the  roller  when  immersed  in  the  developer,  airbells 
can  be  dislodged,  though  the  pegs  and  staples  on  the  regulation  rack 
interfere  with  this  operation. 

2.  Cinch  Marks.  These  occur  as  narrow  black  or  white  lines 
running  parallel  with  the  edges  of  the  film.  They  are  caused  either 
by  winding  the  film  tightly  or  by  excessive  tension  on  the  end  of  the 
roll  of  film  either  in  the  camera,  printing  machine,  or  during  winding 
of  the  film  on  the  rack  or  drying  reels.  They  can  only  be  prevented  by 
care  in  manipulation. 

3.  Fog.  This  may  occur  as  even  dark  patches  when  it  is  probably 
caused  by  extraneous  light  or  an  unsafe  viewing  light.  Chemical 
fog  occurs  as  an  even  veil  over  the  entire  film  and  may  be  the  result 
of  incorrect  mixing  of  the  developer,  the  use  of  a  developer  at  too  high 
a  temperature,  or  forcing  development.  Small  traces  of  fog  obtained 
with  a  freshly  mixed  developer  often  disappear  after  the  developer 
has  been  in  use  for  a  short  time.    (See  article  on  "Chemical  Fog."4) 

4.  Mottle  and  Uneven  Development.  This  is  usually  caused  by 
not  moving  the  rack  during  development,  especially  when  fully  expos- 
ing and  developing  for  a  short  time  in  a  weak  developer.  Film  which 
has  been  previously  soaked  in  water  or  sodium  carbonate  will  develop 
bad  streaks  and  mottle  if  the  rack  is  not  agitated  during  the  first 
few  minutes  of  development.  Similar  streaks  and  mottle  are  caused 
by  non-agitation  of  the  rack  when  the  film  is  first  placed  in  the  fixing 
bath,  especially  if  the  developer  is  strong  in  alkali  and  the  fixing 
bath  is  exhausted. 

5.  Oil  Spots.  These  occur  as  white  splashes  of  irregular  outline 
and  if  caused  by  mineral  oil  are  not  entirely  prevented  by  the  use  of 
a  preliminary  soak  in  a  sodium  carbonate  solution.  If  film  is  splashed 
with  water  or  an  aqueous  solution  and  is  wound  up  in  the  roll  while 
still  wet  the  gelatine  becomes  locally  polished  in  contact  with  the 
polished  celluloid  back  of  the  film,  and  the  appearance  of  the  film 
is  often  similar  to  that  covered  with  oil  spots. 

6.  Stains.  The  subject  of  stains  has  been  exhaustively  treated 
in  the  article  "Stains  on  Negatives  and  Prints."8 

7.  Static.  Static  is  rarely  produced  on  negative  film  in  the 
laboratory.  It  may  be  produced  on  the  positive  either  in  the  printer 
or  during  winding  on  the  frame.  It  is  therefore  necessary  to  maintain 
a  definite  critical  humidity  in  both  the  printing  and  developing  rooms. 
(See  later  paper  on  this  subject.) 

8.  Spots  and  Marks.    See  later  article. 

9.  Rack  Marks.  When  film  is  developed  on  the  regulation  rack 
in  a  vertical  tank  more  development  invariably  occurs  where  the  film 
passes  over  the  top  and  bottom  of  the  rack  than  along  the  sides. 
Typical  markings  are  shown  in  Figure  22.  The  marking  at  the  top 
of  the  rack  is  usually  mottled  and  consists  of  a  double  line,  while  at 
the  bottom  only  a  single  dark  line  is  produced.  The  cause  of  these 
markings  is  apparent  on  reference  to  Figure  23,  which  shows  a  section 
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of  the  tank  and  rack  and  outlines  the  probable  direction  of  the  con  - 
vection  currents  occurring  in  the  developer.  Wherever  development 
occurs  reaction  products  of  greater  density  or  specific  gravity  than 


TOP  OF  RACK 


BOTTOM  OF  RACK 

Fig.  22.     Rack  Marks  Produced  During  Development 

the  fresh  developer  are  produced  which  tend  to  sink,  while  fresh 
developer  flows  in  to  take  its  place  so  that  at  the  sides  of  the  rack 
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Fig.  23.    Cross  Section  of  Tank  Indicating  Convection  Currents  in  Developer 
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circular  currents  AB  and  CD  are  produced.  At  the  bottom  of  the 
rack  circular  currents  probably  exist  while  at  the  extreme  top  of  the 
rack  a  current  will  exist  only  as  a  result  of  temperature  differences. 

At  points  P  and  Q  the  developer  is  being  continuously  renewed, 
while  between  these  points  the  reaction  products  of  the  developer 
remain  stationary  and  development  is  restrained  so  that  a  double 
rack  mark  is  produced.  At  points  X  and  Y  development  is  restrained 
by  the  reaction  products  flowing  down  the  film,  while  between  these 
points  the  developer  is  being  continuously  renewed  so  that  only  a 
single  rack  mark  results.  As  a  result  of  exhaustive  experiments  it  has 
been  found  that  the  severity  of  the  markings  can  be  diminished  (A) 
by  increasing  the  width  of  the  upper  and  lower  slats,  preferably  mak- 
ing these  cylindrical  and  of  as  wide  a  diameter  as  possible,  (B)  by 
agitating  the  rack  so  that  the  reaction  products  at  the  surface  of  the 
film  are  continuously  replaced  by  fresh  developer,  and  (C)  by  causing 
the  film  to  travel  over  the  end  of  the  slats  during  the  progress  of 
development.  This  can  be  accomplished  by  means  of  a  rack  shown 
in  figure  24.    This  rack  differs  from  the  conventional  model  insofar 


Fig.  24.     A  Roller  Rack  for  Preventing  Rack  Marks 

as  the  upper  and  lower  slats  consist  of  rollers  capable  of  being  re- 
volved, while  the  guide  pins  are  fitted  on  each  side  of  the  slats  "SI" 
and  "S2"  which  can  move  sideways  in  slots  at  the  ends  of  the  rack. 
The  method  of  attaching  the  end  of  the  film  to  the  rack  is  shown  in 
figure  25.  A  rubber  band  is  placed  around  the  upper  roller,  a  short 
cord  fitted  with  hooks  is  then  attached  to  one  end  of  the  band  and 
the  other  end  to  a  rubber  band  attached  to  the  eyelet  in  the  film. 
During  winding  the  upper  roller  is  prevented  from  turning  by 
pin  "P"  which  engages  with  teeth  on  a  capstan  wheel  "C."  After 
winding,  the  end  of  the  film  is  then  attached  to  the  nearest  roller  by 
means  of  a  second  cord  of  suitable  length  and  a  rubber  band.     A 
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number  of  cords  of  varying  lengths  are  available.  By  turning  the 
upper  roller  by  means  of  the  capstan  wheel  "C"  the  film  may  be 
made  to  travel  through  a  distance  of  3  or  4  feet  and  back  again  a 


Fig.  25.     Method  of  Attaching  Film  to  Roller  Rack 


number  of  times  during  the  progress  of  development,  and  in  this 
way  the  normal  rack  mark  is  distributed  over  a  distance  of  3  or  4 
feet  when  it  is  entirely  invisible. 

This  rack  is  of  simple  construction,  is  simple  to  operate,  and  is 
recommended  for  the  development  of  negative  film.  The  alternative 
is  to  use  racks  with  wide  cylindrical  ends,  develop  with  a  weak 
developer,  and  at  intervals  move  the  film  along  the  rack  by  tightening 
the  various  loops  as  when  tightening  after  winding.  This  operation 
should  be  repeated  2  or  3  times  during  the  course  of  development. 
The  propensity  for  rack  marks  to  occur  is  greater  when  developing 
for  a  short  time  in  a  weak  developer.  When  fully  developing  in  a 
normal  strength  developer  and  with  moderate  agitation  of  the  rack 
the  portions  of  the  film  where  development  is  restrained  have_  a 
chance  to  become  fully  developed  and  the  rack  marks  tend  to  dis- 
appear. In  the  case  of  positive  film,  rack  marks  are  entirely  pre- 
vented with  continuous  processing  machines.  When  developing 
positive  film  on  the  standard  racks,  by  lifting  the  rack  two  or  three 
times  during  the  course  of  development  the  intensity  of  the  rack 
marks  is  reduced,  though  the  roller  rack  should  be  used  if  it  is  required 
to  eliminate  them  entirely. 

RINSING 

Always  rinse  the  film  racks  in  a  tank  of  running  water  after 
developing  and  before  fixing  in  order  to  remove  the  excess  of  developer 

197 


from  the  surface  of  the  film.  If  the  film  is  not  rinsed  and  this  excess 
of  developer  is  carried  over  into  the  fixing  bath,  especially  if  con- 
centrated developers  are  used,  the  acid  in  the  fixing  bath  is  rapidly 
neutralized  by  the  alkali  in  the  developer  and  the  fixing  bath  will 
rapidly  become  alkaline.  In  the  alkaline  condition  the  developer 
carried  over  oxidizes  and  discolors  the  fixing  bath  in  which  condition 
it  is  liable  to  produce  stains.  Bubbles  of  carbon  dioxide  gas  are  also 
evolved  within  the  gelatine  film,  so  that  if  the  gelatine  is  not  suffi- 
ciently hardened  blisters  are  formed.  Rinsing  also  delays  sludging  of 
the  fixing  bath  (see  below) . 

Rinse  tanks  may  be  constructed  of  the  same  material  as  wash 
tanks  and  should  be  piped  in  the  same  way,  so  that  water  flows  in  at 
the  bottom  and  over-flows  at  the  top. 

For  high  temperature  work  the  rinse  bath  may  be  substituted 
by  a  chrome  alum  stop  bath  (see  later  paper) . 

FIXING 

Apparatus 

Tanks  for  containing  fixing  solutions  should  be  of  wood,  alberene 
stone,  or  chemical  stoneware.  Alberene  stone  ultimately  disintegrates 
as  a  result  of  crj^stalization  of  the  hypo  in  the  surface  pores  of  the 
material,  but  tanks  of  this  material  should  last  for  several  years.  Of 
the  metals,  lead  is  the  most  resistive  to  the  action  of  acid  fixing 
solutions,  though  even  lead  should  be  avoided  whenever  possible 
(see  paper  on  "Resistivity  of  Various  Materials  Towards  Photo- 
graphic Solutions."1) 

Composition  of  Fixing  Baths 

A  fixing  bath  consists  essentially  of  a  solution  of  sodium  thio- 
sulphate  or  hypo  which  has  the  property  of  dissolving  the  unexposed 
emulsion  without  affecting  the  silver  image.  The  following  types  of 
fixing  baths  are  available: 

1 .  A  Plain  Solution  of  Hypo.  Such  a  solution  is  seldom  employed 
because  the  bath  rapidly  discolors  as  a  result  of  the  oxidation  of  the 
developer  carried  over  by  the  film. 

2.  A  30%  Hypo  Solution  with  the  Addition  of  2.5%  Sodium  Bisul- 
phite. This  bath  arrests  development,  does  not  readily  stain,  and  will 
not  precipitate  with  use.  This  formula  is  to  be  recommended  when 
the  temperature  of  the  fixing  bath,  wash  water,  and  drying  air  does 
not  exceed  70°  F.  If  higher  temperatures  prevail  a  bath  which 
hardens  the  film  is  necessary. 

3.  An  Acid  Hardening  Fixing  Bath.  The  most  satisfactory 
formula  of  this  type  is  as  follows: 

Fixing  Bath  Metric  Avoirdupois 

Hypo 300  grams  125  lbs. 

Water  to  make 1  liter  50  gal. 

Add  50  cc.  per  liter  or  2l/2  gallons  per  50  gallons  of  the  following  hardener: 

Hardening  Solution 

Potassium  alum 120  grams  50  lbs. 

Acetic  acid  (glacial)* -,'..  100  cc.  534  gal. 

Sodium  sulphite  (desiccated) 60  grams  25  lbs. 

Water  to  make 1  liter  50  gal. 

*Use  3>2  times  the  quantity  if  28%  acetic  acid  is  used. 
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The  hardening  solution  should  be  prepared  separately  and  added 
to  the  cooled  hypo  solution  as  required.  To  prepare  the  hardener, 
dissolve  the  sulphite  and  alum  separately,  add  the  acid  to  the  sulphite, 
and  then  add  the  alum  solution,  adding  water  to  make  the  required 
volume.  Do  not  add  the  sulphite  to  the  alum  solution  before  adding 
the  acid  or  a  precipitate  will  form  (see  "How  to  Prepare  Photographic 
Solutions''5). 

Test  the  hardening  properties  of  the  fixing  bath  at  intervals  by 
placing  a  strip  of  fixed  and  washed  film  in  a  beaker  of  water.  Heat  the 
water  gradually  and  notice  the  temperature  at  which  the  gelatine 
coating  begins  to  melt.  Film  is  correctly  hardened  when  the  film 
melts  at  temperatures  between  130°  and  170°  F. 

Properties  of  Acid  Hardening  Fixing  Baths 

The  function  of  the  various  ingredients  is  as  follows: 

1.  The  acid  arrests  development  by  virtue  of  neutralizing  the 
alkali  in  the  developer  carried  over  by  the  film,  because  an  acid 
solution  of  the  common  developing  agents  will  not  develop. 

2.  The  sodium  sulphite  prevents  the  oxidation  of  the  developer 
carried  over  by  the  film  and  therefore  keeps  the  bath  clear  and 
prevents  stains.  The  sulphite  also  prevents  the  precipitation  of 
sulphur  which  results  when  acid  is  added  to  hypo  in  the  absence  of 
sulphite.  The  alum  hardens  the  gelatine  film  and  permits  safer  hand- 
ling. 

The  proportion  of  the  ingredients  in  the  above  formula  has  been 
balanced  as  a  result  of  exhaustive  experiments.  If  more  acid  is  used 
the  bath  does  not  harden  as  well  and  there  is  a  tendency  for  blisters 
to  form,  while  the  sulphurization  life  of  the  bath  is  shortened;  that  is, 
the  bath  will  not  keep  as  long  before  depositing  a  precipitate  of 
sulphur.  If  the  quantity  of  acid  is  considerably  diminished  a  pre- 
cipitate of  aluminium  sulphite  will  form  as  a  result  of  interaction  of 
the  alum  and  the  sodium  sulphite. 

Increasing  the  quantity  of  sodium  sulphite  increases  the  tend- 
ency for  a  sludge  of  aluminium  sulphite  to  form,  while  a  diminution 
of  the  sulphite  content  lowers  the  sulphurization  life.  A  certain 
minimum  quantity  of  alum  is  required  to  give  the  necessary  degree  of 
hardening  while  an  excess  of  alum  may  produce  excessive  hardening. 
The  formula  above  is  calculated  to  so  harden  the  film  that  it  will 
melt  at  a  temperature  from  130°  to  150°  F.,  which  degree  of  hardening 
is  quite  sufficient  for  non-tropical  climates.  Excessive  hardening  of 
the  film  is  undesirable  because  this  tends  to  produce  brittleness  and 
reticulation. 

Rate  of  Fixation 

The  rate  of  fixation  depends  upon : — 

(a)  The  strength  of  the  hypo  solution.  The  rate  of  fixation 
increases  up  to  a  concentration  of  40%  beyond  which  the  hypo  fixes 
less  rapidly.  A  30%  solution  is  the  most  economical,  and  fixes  motion 
picture  film  sufficiently  rapidly  during  its  useful  life. 

(b)  The  temperature  of  the  bath.    At  a  temperature  of  55°  F. 
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the  rate  of  fixation  is  about  one-half  the  rate  at  65°  F.  Above  70°  F. 
the  bath  is  apt  to  deposit  sulphur  and  does  not  harden  sufficiently. 
The  temperature  should  therefore  be  maintained  between  65°  and 
70°  F. 

(c)  The  degree  of  exhaustion.  It  is  always  advisable  to  fix  film 
for  twice  as  long  as  the  time  required  for  the  milkiness  of  the  emulsion 
to  disappear  to  insure  that  all  the  silver  compounds  in  the  emulsion 
have  been  changed  to  the  soluble  condition  so  that  they  can  be  sub- 
sequently eliminated  by  washing. 

Life  of  Fixing  Bath 

With  use  the  following  reactions  are  taking  place  in  an  acid  alum 
fixing  bath: 

1.  The  hypo  is  being  exhausted  as  a  result  of  performing  useful 
work  in  fixing  out  the  emulsion.  The  bath  should  be  discarded  when 
the  time  of  fixing  is  considered  too  long  for  efficient  working;  for 
example,  when  the  bath  requires  7  minutes  or  longer  for  the  milkiness 
of  negative  film  to  disappear  at  a  temperature  of  70°  F. 

2.  The  acidity  of  the  bath  is  being  gradually  diminished  as  a 
result  of  neutralization  by  the  alkali  in  the  developer  carried  over  by 
the  film.  During  the  first  stages  of  neutralization  the  hardening 
properties  of  the  bath  increase  and  then  fall  off  again  so  that  the 
hardening  properties  of  the  above  bath  improve  with  use  up  to 
a  certain  point  and  fall  off  fairly  rapidly  until  the  bath  is  revived. 
Diminution  of  the  acid  content  with  use  tends  to  increase  the  sul- 
phurization  life,  so  that  a  used  bath  will  keep  at  high  temperatures 
longer  than  a  freshly  prepared  bath.  With  continued  use  the  acid 
content  finally  reaches  a  point  where  a  sludge  of  aluminium  sulphite 
is  precipitated  at  which  point  the  bath  is  useless. 

Revival  of  Fixing  Baths 

An  alum  hardening  fixing  bath  is  usually  rendered  useless  as  a 
result  of  the  formation  of  a  precipitate  of  aluminium  sulphite  long 
before  the  fixing  properties  of  the  hypo  are  exhausted.  It  has  been 
found  that  a  fixing  bath  can  be  successfully  revived  at  intervals  by 
adding  a  definite  quantity  of  acetic  acid.  It  has  been  found  best  to 
add  250  cc.  or  one-half  pint  of  glacial  acetic  acid  after  every  6000 
feet  of  film  (positive  and  negative)  are  processed  per  50  gallons  of  the 
above  bath.  If  more  acid  than  the  quantity  recommended  is  added 
blisters  and  sulphurization  are  liable  to  occur. 

If  a  footage  record  of  the  film  developed  is  not  kept,  the  acidity  of 
the  bath  should  be  tested  by  titrating  with  alkali,  using  phenol- 
phthalien  as  indicator.  When  the  total  acidity  has  dropped  to  two- 
thirds  that  of  the  original  acidity  enough  acid  should  be  added  to 
restore  the  original  acidity.  The  best  way  to  revive  a  fixing  bath 
would  be  to  gradually  add  acid  at  a  very  slightly  greater  rate  than  that 
at  which  the  acid  is  neutralized,  it  having  been  found  that  with  use 
the  acidity  of  the  fixing  bath  should  be  slightly  increased  in  order  to 
maintain  its  hardening  properties.  However,  the  method  of  revival 
by  adding  acid  after  treating  a  definite  number  of  feet  of  film  has  been 

200 


found  to  work  very  satisfactorily  in  practice  and  is  to  be  recom- 
mended. If  the  bath  has  deposited  a  sludge  of  aluminum  sulphite 
through  neglect  in  reviving  with  acid,  it  is  not  advisable  to  try  and 
dissolve  this  sludge  by  adding  acid,  because  the  quantity  of  acid 
necessary  to  dissolve  the  precipitate  is  such  that  the  bath  would  be 
dangerously  acid  after  the  precipitate  had  dissolved.  A  bath  which 
has  deposited  a  sludge  should  be  discarded. 

Manipulative  Details 

After  first  placing  the  rack  in  the  fixing  tank  it  should  be  moved 
about  for  several  seconds  in  order  to  insure  thorough  access  of  the  fixing 
solution  to  the  surface  of  the  film.  If  the  rack  is  allowed  to  remain 
stationary,  the  development  is  not  immediately  arrested  uniformly 
over  the  film  and  continues  locally  resulting  in  streaks  and  uneven 
development. 

It  is  preferable  to  use  a  number  of  small  fixing  tanks  rather  than 
one  large  one  because  this  results  in  better  fixation.  In  case  only  one 
tank  is  used,  when  the  bath  becomes  exhausted  a  large  amount  of 
silver  still  remains  in  the  film  when  transferred  to  the  wash  water. 
When  two  or  three  fixing  tanks  are  used  the  racks  should  be  placed 
in  the  first  fixing  tank  for  two  or  three  minutes  and  then  transferred 
to  the  second  tank  and  so  on.  When  the  first  bath  begins  to  show 
signs  of  exhaustion  it  should  be  replaced  by  the  second,  and  a  fresh 
fixing  bath  should  be  used  in  place  of  the  second  bath  again.  The 
use  of  two  fixing  baths  is  an  almost  certain  safeguard  against  incom- 
plete fixation  which  is  a  common  cause  of  deterioration  of  film. 

Troubles  in  Fixing 

1.  Blisters.  When  viewed  by  reflected  light  blisters  on  dry  film 
appear  as  crater  like  depressions  in  the  gelatine.  Blisters  are  caused 
either  by  the  presence  of  dissolved  air  in  the  water  or  by  the  use  of  a 
fixing  bath  which  contains  too  much  acid.  When  the  sodium  carbon- 
ate in  the  developer  is  neutralized  by  the  acid  in  the  fixing  bath  car- 
bon dioxide  gas  is  evolved  which  produces  blisters  if  the  gelatine  is 
too  soft  to  withstand  the  disruptive  action  of  the  gas.  Blisters  are 
much  more  apt  to  form  in  hot  weather  and  especially  when  the  bath 
is  not  hardening  sufficiently. 

2.  Dichroic  Fog.  This  has  been  fully  dealt  with  in  the  article 
"Stains  on  Negatives  and  Prints."8 

3.  Scum  on  Fixing  Baths.  (See  article  on  "Stains"  above.)  A 
metallic  looking  scum  usually  accumulates  on  the  surface  after 
standing  over  the  week-end,  and  especially  if  the  bath  is  exhausted. 
This  scum  consists  of  silver  sulphide  and  is  formed  as  a  result  of  the 
action  of  the  sulphuretted  hydrogen  usually  present  in  the  air  on  the 
silver  thiosulphate  present  in  the  fixing  bath.  It  should  be  removed 
by  drawing  the  edge  of  a  sheet  of  blotting  paper  across  the  surface  of 
the  solution. 

4.  A  White  Sludge.  This  may  consist  either  of  sulphur  or  alumi- 
nium sulphite.  Draw  off  a  small  volume  of  the  liquid  and  add  a  little 
acetic  acid;  if  the  precipitate  disappears  it  consists  of  aluminium 
sulphite,  but  if  no  change  is  apparent  the  precipitate  consists  of 
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sulphur  and  is  caused  by  either  too  high  a  temperature  or  the  presence 
of  too  much  acid  in  the  fixing  bath.  Aluminum  sulphite  sludge  can 
be  prevented  by  reviving  the  bath  at  intervals  with  acetic  acid  as 
recommended  above.  (See  article  on  "Stains  on  Negatives  and 
Prints."8) 

WASHING 

Apparatus 

Wood  or  alberene  stone  tanks  are  most  satisfactory  for  washing 
purposes.  The  tanks  should  be  fitted  with  a  perforated  brass  pipe 
along  the  bottom,  which  constitutes  the  inlet,  the  water  over-flowing 
over  the  top  of  the  tank  or  through  a  hole  cut  in  the  side  of  the  tank 
very  close  to  the  upper  edge.  This  scheme  is  more  satisfactory  in 
practice  than  that  of  siphoning  the  water  from  the  bottom  and 
allowing  the  fresh  water  to  flow  in  at  the  top.  The  progressive 
system  of  washing  whereby  the  water  from  one  tank  is  allowed  to 
flow  into  the  other  so  that  the  rack  on  leaving  the  fixing  bath  is  first 
placed  in  water  which  has  passed  through  all  the  other  wash  tanks 
effects  an  economy  in  the  use  of  water,  but  it  is  better  to  supply  an 
independent  stream  of  water  to  each  tank.  A  constant  pressure 
valve  should  be  inserted  in  the  main  line  so  as  to  insure  a  constant 
flow  through  the  various  tanks.  Many  large  laboratories  place  the 
washing  tanks  outside  of  the  dark  room,  the  film  being  simply  rinsed 
after  fixing  and  then  transferred  through  a  light  lock  to  the  washing 
room.  This  procedure  is  recommended  when  the  volume  of  work  is 
such  that  at  least  one  man  can  be  continuously  employed  for  the 
washing  operation. 

Time  of  Washing 

When  the  film  leaves  the  fixing  bath  it  is  saturated  with  a  solu- 
tion of  hypo  containing  more  or  less  silver  thiosulphate.  The  silver 
salt  is  liable  to  cause  more  trouble  than  the  hypo  eventually  if  the 
film  is  insufficiently  washed,  so  that  the  film  should  contain  as  little 
dissolved  silver  as  possible  when  leaving  the  fixing  bath.  This  can  be 
insured  by  not  overworking  the  fixing  bath  and  by  using  two  fixing 
baths  as  suggested  above.  The  rate  of  elimination  of  the  fixing 
solution  from  the  film  depends  on; — (a)  the  amount  and  concentra- 
tion of  the  fixing  solution  absorbed  by  the  gelatine.  It  is  important 
therefore  to  prevent  the  gelatine  from  swelling  by  the  use  of  an  effi- 
cient hardener,  (b)  The  rate  of  diffusion  of  the  hypo  solution  out  of 
the  gelatine  which  in  turn  depends  on  the  difference  in  the  concentra- 
tion of  the  hypo  in  the  gelatine  and  in  the  wash  water  in  contact  with 
the  surface  of  the  film.  It  is  important,  therefore,  to  supply  a  constant 
stream  of  fresh  water  to  the  surface  of  the  film. 

Experiments  have  shown  that  roughly  one-half  of  the  hypo  is 
removed  every  two  minutes  under  the  above  conditions  so  that  in 
15  minutes  less  than  1 /250th  of  the  original  hypo  remains  in  the 
film,  and  except  in  cases  where  the  film  has  to  be  stored  for  a  number 
of  years  this  amount  of  washing  is  sufficient. 

A  number  of  1  or  2  rack  tanks  is  preferable  to  one  large  tank, 
because  by  moving  the  rack  into  a  tank  of  fresh  water  at  intervals  of 
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5  minutes,  washing  is  much  more  thorough  than  if  the  rack  remains 
in  one  large  tank  for,  say  15  minutes.  Attempts  have  been  made  to 
wash  racks  of  film  by  spraying  with  water,  but  this  is  entirely  unsatis- 
factory because  the  spray  does  not  wash  the  hypo  out  of  the  wooden 
rack,  especially  at  those  points  where  the  film  touches  the  slats. 

The  completeness  of  removal  of  the  hypo  from  the  film  can  be 
roughly  determined  by  tasting  the  film,  when  it  will  taste  sweet  if  any 
dissolved  silver  salts  remain.  A  more  precise  method  is  to  soak  strips 
of  the  film  in  a  small  quantity  of  water  and  titrate  this  with  a  stand- 
ard solution  of  iodine,  taking  care  to  make  a  blank  test  with  the 
same  volume  of  fresh  water. 

The  Water  Supply 

Water  may  contain  as  impurities  either  dissolved  salts,  suspended 
matter,  or  colloidal  vegetable  matter.  The  extent  of  these  impurities 
should  be  determined  by  placing  a  few  drops  of  the  water  on  the  back 
of  the  film,  allow  to  dry,  and  observe  the  quantity  of  residue.  Exces- 
sive quantities  of-  calcium  salts  are  apt  to  leave  a  white  deposit  on  the 
film  surface,  though  if  the  film  is  thoroughly  wiped  the  dissolved 
impurities  must  be  present  in  excessive  amounts  before  any  visible 
deposit  is  perceptible  on  the  gelatine  side  after  drying.  Water  marks 
on  the  back  of  the  film  are  easily  removed  by  subsequent  polish- 
ing. The  matter  of  water  purification  has  been  fully  dealt  with  in 
the  article  "How  to  Prepare  Photographic  Solutions."5 

The  water  should  always  be  filtered  with  a  suitable  sand  filter  to 
insure  the  absence  of  grit  and  suspended  matter. 

Troubles  in  Washing 

1.  Grit.  The  main  trouble  in  washing  is  caused  by  grit  in  the 
water  which  deposits  on  the  film.  If  it  is  not  possible  to  filter  the 
entire  water  supply,  particles  of  dirt  and  grit  may  often  be  removed 
from  the  surface  of  the  film  by  passing  the  rack  under  an  elongated 
spray  which  throws  a  jet  of  well  filtered  water  on  either  side  of  the 
film  before  entering  the  drying  room. 

2.  Reticulation  is  characterized  by  a  leather  like  graininess  of  the 
surface  of  the  film.  It  is  usually  caused  by  subjecting  the  film  to  a 
sudden  change  in  temperature,  such  as  transferring  from  a  warm 
fixing  bath  to  cold  wash  water,  especially  when  the  film  is  not  hard- 
ened sufficiently  in  the  fixing  bath. 

DRYING 

Motion  picture  positive  film  which  has  been  fixed  and  washed  at 
a  temperature  of  65°  F.  and  the  excess  moisture  removed  contains 
about  one  pound  of  water  per  1000  feet  of  film,  while  negative  film 
contains  two  and  one-half  times  this  amount.  The  problem  of  drying- 
is  to  evaporate  this  moisture  from  the  film  efficiently  without  dis- 
torting the  film,  and  without  producing  drying  marks,  or  dust  spots. 

Apparatus 

After  washing,  the  film  is  generally  removed  from  the  film  rack 
to  a  drying  reel,  although  some  laboratories  dry  the  film  while  still 
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on  the  rack  by  rotating  the  loaded  racks.  This  method  is  not  recom- 
mended because  any  dirt  present  on  the  film  on  leaving  the  wash 
water  remains  on  the  film,  while  drying  marks  are  very  apt  to  be 
produced,  unless  the  excess  moisture  is  thoroughly  removed  before 
drying. 

A  typical  set  of  drying  reels  is  shown  in  Figure  26.  They  vary  in 
diameter  from  about  8  to  15  feet  and  the  film  capacity  varies  from 
200  feet  to  2000  feet.  A  large  capacity  reel  is  cheaper  to  construct 
than  a  number  of  smaller  units,  though  much  time  is  lost  in  stopping 


Fig.  26.     Film  Drying  Reels 

and  restarting  the  large  reel  unless  it  is  completely  loaded  in  one 
operation.  The  reels  are  usually  motor  driven  by  means  of  a  narrow 
belt  passing  completely  around  the  periphery  of  the  reel.  In  order  to 
eliminate  fire  hazards  it  is  better  to  place  the  motor  outside  the 
drying  room  and  to  operate  the  reels  by  means  of  starting  clutches 
and  brakes.  When  transferring  the  film  from  the  rack  to  the  reel  the 
rack  should  be  placed  in  a  frame  similar  to  that  used  for  winding  as 
shown  in  Figure  13.  The  extension  shelf  at  the  base  of  the  frame 
should  be  covered  with  cloth  to  prevent  the  film  touching  the  floor 
during  transference.  The  lower  slats  of  the  drying  reel  should  be  at 
least  two  feet  from  the  floor,  and  sufficient  working  space  should  be 
provided  on  both  sides  of  the  reels  so  that  the  wet  film  may  be 
applied  on  one  side  and  the  dry  film  removed  on  the  other.  The  film 
is  attached  to  the  slats  on  the  reel  by  slipping  the  rubber  band  at- 
tached to  the  film  over  pins  placed  on  the  inside  of  the  slats.  The 
slats  should  be  of  hard  wood  smoothed  off  with  sand  paper  at  frequent 
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intervals  in  order  to  eliminate  the  possibility  of  scratching  the  back 
of  the  film.  The  slats  illustrated  in  Figure  26  are  fitted  with  spring 
adjusters  covered  with  felt  to  take  care  of  shrinkage  during  drying, 
but  the  adjusters  are  unnecessary  if  the  film  is  not  wound  tightly  and 
is  loosened  up  frequently.  Strips  of  rubber  inset  along  the  edges  of 
the  slats  also  prevent  scratching  of  the  film. 

A  hygrometer  is  a  very  essential  requisite  to  the  drying  room. 
The  best  known  type  of  recording  instrument  is  one  fitted  with  a 
motor  driven  fan  which  blows  a  continuous  stream  of  air  over  the  wet 
bulb  thermometer,  and  which  records  the  dry  and  wet  bulb  readings. 
A  simple  wet  and  dry  bulb  non-recording  instrument  is  quite  satis- 
factory, though  it  is  better  to  take  wet  bulb  readings  by  means  of  a 
whirling  wet  bulb  thermometer  (sling  psy chrometer) . 

Methods  of  Removing  Excess  Water  from  the  Film 

In  order  to  eliminate  the  possibility  of  the  formation  of  drying 
marks  it  is  very  necessary  to  remove  all  superfluous  water  from  the 
film.    This  can  be  performed  in  two  ways  as  follows: 

(a)  By  wiping  the  film  with  absorbent  cotton,  sponge,  or  cham- 
ois. Owing  to  the  difficulty  of  keeping  a  sponge  or  chamois  free  from 
grit  they  are  not  recommended.  When  using  absorbent  cotton,  thor- 
oughly saturate  the  wad  of  cotton  with  water  and  swab  both  sides  of 
the  film  when  transferring  from  the  rack  to  the  drying  reel.  It  is 
important  to  keep  the  film  well  moistened  with  water  because  the 
purpose  of  this  operation  is  to  wash  off  grit  and  dirt  from  the  film. 
Use  only  very  little  pressure.  After  transference  to  the  reel  use  a  fresh 
wad  of  cotton  partially  wrung  out  and  squeegee  both  back  and  front 
of  the  film.  Repeat  the  operation  with  the  cotton  wrung  out  as  dry  as 
possible.  No  superfluous  moisture  should  now  be  visible  on  the  gela- 
tine side  of  the  film.  In  the  case  of  negative,  excess  moisture  should  be 
removed  from  the  back  of  the  film  with  a  chamois. 

During  drying  the  film  shrinks  more  or  less  so  that  it  is  neces- 
sary to  loosen  up  the  film  two  or  three  times  during  drying.  It 
is  also  necessary  to  change  the  position  of  the  film  relative  to  the  slats, 
which  is  usually  taken  care  of  during  loosening,  because  the  edge  of 
the  slat  which  is  wet  dries  more  slowly  than  the  film  and  wherever  the 
film  touches  the  slat  the  rate  of  drying  of  the  film  is  retarded  and  dry- 
ing marks  are  apt  to  be  produced. 

(b)  Excess  moisture  may  be  removed  from  the  film  when  trans- 
ferring to  the  drying  reel  by  means  of  a  blast  of  air  or  a  suction 
squeegee.  The  compressed  air  supply  should  be  well  filtered  from 
dust  and  oil.  This  method  is  to  be  recommended  because  it  elimi- 
nates any  danger  of  scratching  the  film. 

Rate  of  Drying 

The  time  required  to  dry  the  film  depends  on  the  following 
factors : 

1.  The  weight  of  water  absorbed  by  the  gelatine  film.  The  quantity 
of  water  absorbed  is  proportional  to  the  thickness  of  the  swollen  film 
or  the  degree  of  swelling,  so  that  if  the  developing  solutions  and  wash 
water  are  warm  the  film  swells  abnormally  and  the  time  required  to 
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dry  the  film  is  proportionately  longer.  If  the  developer  is  main- 
tained at  65°  F.  and  if  the  hardening  properties  of  the  fixing  bath  are 
maintained,  abnormal  swelling  of  the  film  will  be  prevented. 

2.  The  rate  of  change  of  the  air  in  contact  with  the  surface  of  the 
film.  If  the  layer  of  air  in  contact  with  the  gelatine  surface  of  the 
film  remains  stationary  it  soon  becomes  more  or  less  saturated  with 
water  vapor  and  the  rate  of  evaporation  of  water  from  the  film  dimin- 
ishes as  the  air  becomes  saturated.  It  is  important  therefore  to  con- 
tinually renew  the  air  in  contact  with  the  film  so  that  drying  is  not 
retarded.  The  drying  reels  should  be  revolved  at  the  rate  of  about 
two  turns  per  second  for  a  10  foot  reel  and  the  air  supply  should  be 
such  that  there  is  a  complete  change  of  air  in  the  room  every  10 
minutes. 

3.  The  relative  humidity  of  the  drying  air.  At  any  temperature 
air  is  capable  of  absorbing  a  certain  maximum  quantity  of  water 
when  it  is  said  to  be  saturated.  The  quantity  of  water  which  air 
contains  compared  with  the  quantity  of  water  which  it  would  contain 
if  it  were  saturated  at  that  temperature  is  termed  "the  relative 
humidity"  of  the  air.  If  the  air  is  saturated  it  will  not  absorb  any 
more  moisture.  Therefore  moistened  film  will  not  dry  in  a  saturated 
atmosphere  so  that  the  rate  of  drying  is  inversely  proportional  to  the 
degree  of  saturation  or  the  relative  humidity  of  the  air.  With  rise  of 
temperature  the  capacity  of  air  for  absorbing  moisture  increases; 
that  is,  its  relative  humidity  is  lowered.  Thus,  in  very  cold  weather 
even  though  the  outside  air  may  be  almost  saturated,  on  heating 
to  room  temperature  the  relative  humidity  may  be  as  low  as  20  to 
30%.  In  cold  weather  therefore  it  is  invariably  necessary  to  humidify 
the  air  for  drying  purposes. 

The  Best  Air  Conditions  for  Drying  Film 

Unless  the  film  is  superhardened  the  temperature  of  the  drying 
air  should  never  exceed  75  to  80°  F.;  otherwise  the  gelatine  will  tend 
to  soften. 

If  film  is  dried  in  air  having  a  very  low  relative  humidity  and 
which  is  therefore  very  dry  the  rapid  drying  of  the  film  will  cause 
water  marks  wherever  any  drops  of  water  remain  on  the  film,  while 
when  thoroughly  dry  the  film  will  be  relatively  brittle.  Dry  gelatine 
normally  contains  from  10  to  15%  of  water  known  as  hygroscopic 
moisture.  Gelatine  containing  only  10%  water  is  brittle,  while  with 
15%  water  it  is  pliable.  In  order  to  maintain  the  wearing  qualities 
of  the  film  it  is  important  therefore  that  the  gelatine  should  contain 
moisture  in  order  to  retain  its  flexibility  and  this  can  only  be  assured 
by  drying  the  film  in  an  atmosphere  which  contains  sufficient  moisture 
so  that  when  the  film  is  left  in  the  atmosphere  indefinitely  it  will 
not  become  brittle;  in  other  words,  the  gelatine  should  be  in  equilib- 
rium with  an  atmosphere  having  a  certain  critical  relative  humidity. 
It  has  been  found  that  to  maintain  these  conditions  the  relative 
humidity  of  the  drying  air  should  be  from  75  to  80%  at  a  tem- 
perature of  70°  to  75°  F.  The  same  effect  could  be  secured  by 
rapid  drying  and  then  conditioning  the  film  in  an  atmosphere  at 
the  above  humidity  but  rapid  drying  should  be  avoided  in  order 
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to   prevent   drying   marks.     With   processing   machines   when   the 
film  can  be  thoroughly  squeegeed  it  is  customary,  after  drying,  to 
pass  the  film  through  a  conditioning  chamber  or  to  pass  it  through  a 
current  of  moistened  air  before  being  wound  up  in  the  roll. 
Conditions  of  drying  may  be  tabulated  as  follows: 


Relative  Humidity 

Temperature  of  Air 

Time  of  Drying 

Negative  Film 

80% 

70-75°  F. 

30-45  minutes 

Positive  Film 

70-75% 

70-75°  F. 

15-30  minutes 

During  drying  it  is  important  not  to  materially  change  the  rate 
of  drying  either  by  changing  the  relative  humidity  of  the  air  or  the 
speed  of  the  drying  reels;  otherwise  drying  marks  are  apt  to  be  pro- 
duced. 

Method  of  Controlling  Temperature  and  Humidity 

The  relative  humidity  of  the  air  may  be  lowered  either  by  (a) 
raising  the  temperature,  (b)  cooling  the  air  with  brine  coils  below  the 
dew  point,  when  moisture  is  precipitated,  and  then  reheating  the  air 
to  the  original  temperature,  and  (c)  by  passing  the  air  through  a 
spray  of  water  which  is  at  a  temperature  below  the  dew  point,  and 
then  reheating  the  air  if  necessary. 

The  relative  humidity  of  the  air  may  be  raised  (a)  by  blowing 
a  jet  of  steam  into  the  air  supply;  this  raises  the  temperature  of 
the  air  and  is  objectionable  in  summer  time,  (b)  by  spraying  atom- 
ized water  into  the  air  supply.  The  increase  of  relative  humidity 
in  this  way  is  the  result  both  of  the  absorption  of  moisture  by  the  air 
and  a  lowering  of  the  temperature  of  the  air  by  virtue  of  loss  of  latent 
heat  required  to  evaporate  the  water,  and  (c)  by  passing  the  air 
through  a  spray  of  water  or  " water  veil"  whose  temperature  is  higher 
than  the  dew  point  of  the  air.  By  maintaining  the  temperature  of 
the  spray  water  constant  either  by  brine  or  steam  coils  a  current  of 
saturated  air  at  a  constant  temperature  is  obtained  so  that  by  subse- 
quently heating  this  saturated  air  to  room  temperature,  the  drying- 
air  is  delivered  at  a  constant  temperature  and  relative  humidity. 

Air  Conditioning  Apparatus 

If  it  is  not  possible  to  secure  a  supply  of  brine  and  if  the  tem- 
perature of  the  water  supply  is  not  below  the  dew  point  of  the  air, 
then  it  is  not  possible  to  lower  the  relative  humidity.  Lowering  of 
the  relative  humidity  is  usually  only  necessary  in  very  hot  summer 
weather,  so  that  for  mild  dry  climates  brine  is  not  necessary.  The 
advantage  of  a  water  veil  is  the  fact  that  it  filters  the  air  free  from 
dust.  Dust  is  likewise  removed  when  water  is  chilled  below  the  dew 
point,  the  dust  settling  with  the  fine  particles  of  precipitated  mois- 
ture. If  it  is  not  required  to  lower  the  relative  humidity,  the  air 
should  be  passed  through  filter  bags  made  of  Canton  flannel,  and  then 
over  steam  coils  so  as  to  reheat  the  air  if  necessary.  Where  the  air 
enters  the  drying  room  the  pipes  should  be  fitted  with  both  a  steam 
jet  and  a  jet  for  atomizing  water.  In  cold  weather  therefore  both  the 
steam  coils  and  the  steam  jet  are  used  while  in  hot  weather  only  the 
spray  jet  should  be  used  to  raise  the  humidity.     Suitable  water 
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spraying  devices   are  sold  by  the   American  Moisture   Company, 
Boston,  Mass.  and  the  Bahnson  Company,  Winston-Salem,  N.  C. 

In  case  a  water  veil  is  installed  the  brine  supply  should  not  be 
adjusted  for  the  worst  conditions,  but  for  the  average  bad  day.  With 
such  a  system  clean  air  is  delivered  at  a  constant  temperature  and  rel- 
ative humidity  but  unless  a  separate  unit  is  installed  for  the  drying 
room,  the  air  pipes  for  this  room  and  the  printing  room  should  be 
fitted  with  steam  jets  and  air  sprays  as  above,  so  that  the  humidity  of 
these  rooms  may  be  increased. 

Removing  Film  from  Drying  Reel. 

Providing  the  film  is  thoroughly  dry  it  may  be  removed  from 
the  drying  reel  by  winding  on  a  rewinder  which  slides  along  a  bar 
parallel  with  the  reel.  It  is  good  practice,  however,  to  feed  the  film 
from  the  drying  reels  into  fiber  baskets  lined  with  canvas  which 
should  be  kept  clean.  By  allowing  the  film  to  lie  in  the  baskets 
before  reeling,  any  residual  moisture  is  given  an  opportunity  to  evap- 
orate. 

Drying  Troubles 

1.  Buckle  is  characterized  by  waviness  along  the  edges  of  the 
film  and  is  caused  by  rapid  drying  when  the  film  is  under  tension. 
A  rapid  change  in  the  rate  of  drying  also  causes  local  strains  in  the 
film  and  on  projection  the  image  goes  in  and  out  of  focus  wherever 
the  strain  occurs.  Buckle  may  be  prevented  by  slow  drying,  and 
taking  care  that  the  film  is  not  subjected  to  tension  during  drying. 
Buckled  film  may  often  be  restored,  especially  when  fresh,  by  rewind- 
ing the  film  on  the  drying  reel  and  allowing  to  stand  for  an  hour  or 
more  in  a  very  humid  atmosphere.  Resoaking  of  the  film  in  the  wash 
tanks  and  redrying  often  effects  a  cure. 

2.  Brittleness  is  a  result  of  drying  film  in  an  atmosphere  whose 
relative  humidity  is  too  low.  As  explained  above  the  dry  gelatine 
film  must  contain  about  15%  of  moisture  in  order  to  retain  its 
flexibility  and  this  can  be  insured  by  drying  under  the  conditions 
outlined  above.  Bathing  the  film  in  a  1%  solution  of  glycerine  after 
washing  and  then  rinsing  for  2  or  3  seconds  before  drying  will  lessen 
the  tendency  for  film  to  lose  moisture  after  it  is  subsequently  exposed 
to  a  dry  atmosphere  after  leaving  the  laboratory.  Excessive  hardener 
in  the  fixing  bath  or  the  use  of  strong  solutions  of  formalin  for  harden- 
ing tends  to  increase  brittleness.  Brittleness  is  therefore  largely  a 
matter  of  the  dryness  of  the  gelatine  coating,  although  the  film 
base  itself  contains  a  certain  percentage  of  natural  moisture,  and 
this  must  be  retained  if  its  flexibility  is  to  remain  unimpaired.  See 
also  booklet  "Toning  and  Tinting  of  Eastman  Motion  Picture  Film."10 

3.  Dust.  In  order  to  prevent  dust  spots  the  air  supply  should 
be  filtered  thoroughly  either  by  filter  bags  or  a  water  veil.  By  keep- 
ing a  fairly  high  positive  pressure  in  the  drying  room  the  tendency 
for  dust  to  enter  through  the  windows  or  crevices  will  be  a  minimum. 
The  drying  room  walls  should  preferably  be  of  glazed  title  in  order 
to  facilitate  cleaning.  Oil  paint  should  be  used  wherever  necessary 
and  not  water  paint. 
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White  spots  on  toned  film  are  caused  by  particles  of  sodium 
carbonate  or  dried  up  developer  dust,  which  dissolve  away  the  toned 
image.  Particles  of  potassium  ferricyanide  or  dust  from  the  dried  up 
reducing  bath  also  dissolve  the  silver  image  and  cause  white  spots. 
Elongated  white  spots  are  usually  caused  by  splashing  hypo  solution 
on  the  loaded  racks  of  film  before  development. 

4.  Graininess.  This  subject  has  been  fully  treated  by  Hardy  and 
Jones,11  who  find  that  graininess  is  not  as  much  a  result  of  faulty  dry- 
ing conditions  as  was  previously  supposed.    Graininess  is  determined 
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Fig.  27.     Spots  Caused  by  Drops  of  Water  on  Gelatine  Surface  of 
Film  During  Drying 

by  the  nature  of  the  negative  emulsion,  the  amount  of  exposure,  and 
the  nature  of  the  subject.  Developing  agents  whose  oxidation  prod- 
ucts produce  a  tanning  effect  on  gelatine  also  tend  to  increase  graini- 
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Fig.  28.    Spots  Caused  by  Drops  of  Water  on  Base  Side 
of  Film  During  Drying 
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ness.   Any  graininess  produced  during  drying  is  probably  an  incipient 
form  of  reticulation. 

5.  Excessive  Shrinkage.  Raw  stock  usually  swells  slightly 
during  developing,  fixing,  and  washing,  and  shrinks  again  during 
drying,  the  dry  developed  film  being  about  0.05%  to  0.2%  shorter 
than  the  raw  stock.  Any  increase  over  these  figures  is  a  result  of  too 
rapid  drying  at  low  humidities. 

6.  "Drying  Down."  Many  workers  have  observed  that  a  film 
image  which  appears  normal  when  in  the  wet  condition  often  appears 
contrasty  and  over-exposed  in  the  highlights  when  dry.  This  is  a 
result  of  slow  drying  at  high  temperatures.  Under  normal  drying 
conditions  there  is  no  appreciable  difference  in  contrast  between  the 
wet  and  dry  film  when  viewed  by  diffused  light. 

7.  Spots  and  Uneven  Markings.  Typical  water  spots  caused  by 
drops  of  water  left  on  the  gelatine  side  of  the  film  during  drying  at 
low  humidities  and  high  temperatures  are  shown  in  Figure  27.  The 
streaks  running  parallel  with  the  edges  of  the  film  are  also  a  result  of 
imperfect  squeegeeing. 

The  spots  shown  in  Figure  28  are  caused  by  the  presence  of 
spots  of  water  on  the  back  only,  the  surface  of  the  film  being  entirely 
free  from  water  spots.  Water  spots  on  the  celluloid  side  of  the  film 
tend  to  cool  the  film  in  the  region  of  these  spots  and  therefore  retard 
drying  on  the  gelatine  side,  resulting  in  drying  spots.  Drying  marks 
may  also  occur  wherever  the  film  passes  over  the  slats,  of  the  drying 
reel,  especially  if  the  position  of  the  film  is  not  changed  relative  to  the 
slats  during  drying.  If  the  transference  of  the  film  from  the  rack  to 
the  drying  reel,  after  washing,  is  delayed  the  film  will  often  partly 
dry  and  even  after  thorough  squeegeeing,  drying  marks  result.  It  is 
therefore  important  not  to  delay  the  transference  of  the  film  from  the 
rack  to  the  drying  reel. 
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DISCUSSION 

Me.  Renwick:  Mr.  Crabtree  mentioned  that  negative  stock 
should  not  be  overdeveloped  and  I  agree,  but  he  stated  that  the 
gamma  should  be  1. 

Mr.  Crabtree:  No,  I  said  the  density  contrast  should  be 
approximately  1. 

Mr.  Renwick:  My  experience  is  that  commercial  practice 
favors  gammas  of  0.7  to  0.9. 

Mr.  Renwick:  With  regard  to  the  humidity  of  air  for  drying, 
the  permissible  humidity  depends  upon  the  temperature  of  the  air 
itself.  He  did  not  mention  it  so  that  I  should  like  to  know  what 
temperature  he  has  in  mind  for  such  a  humidity. 

Mr.  Crabtree  :  I  think  I  mentioned  that  if  the  room  tempera- 
ture is  70°  or  75°  it  is  satisfactory.  You  are  limited  in  temperature  by 
the  degree  of  hardness  of  the  film.  While,  if  the  air  is  too  cold,  it  is 
uncomfortable  to  the  operators.  If  the  temperature  is  much  above 
75°  they  are  suffocating,  and  at  the  same  time  the  film  tends  to 
soften  so  we  find  70°-75°  with  a  relative  humidity  of  not  less  than 
75  the  best  for  negative. 

Mr.  Davidson:  When  you  develop  on  a  reel  and  go  from  the 
developer  to  the  wash,  do  you  transfer  to  a  rack? 

Mr.  Crabtree:  We  transfer  to  a  drying  reel. 

Mr.  R.  C.  Hubbard:  With  regard  to  metals  which  have  been 
affected  by  hypo,  I  made  a  lot  of  experiments  on  this  and  found  that 
brass  has  been  entirely  eaten  away. 

Mr.  Crabtree:  I  think  Mr.  Hubbard  misunderstood.  I  said 
that  when  brass  becomes  coated  with  silver  it  does  not  harm  the 
developer  because  the  silver  protects  the  brass  and  the  developer 
is  not  contaminated.  I  agree  that  with  a  strongly  acid  fixing  bath 
the  silver  plated  brass  finally  goes  to  pieces  but  the  plating  acts  as  a 
protector.  A  lot  depends  on  the  thoroughness  of  the  plating.  I  dealt 
with  the  subject  at  length  in  a  paper  before  the  American  Chemical 
Society  a  couple  of  months  ago  and  shail  be  glad  to  send  you  a  copy 
if  you  are  interested. 

Mr.  Hubbard:  I  should  like  to  mention  that  there  is  a  metal 
called  "Monel"  which  is  almost  not  affected  at  all  and  which  would  be 
better  to  use  for  tanks. 

Mr.  Crabtree:  With  regard  to  Monel:  The  tanks  used  with 
the  automatic  developing  reels  are,  of  course,  made  of  Monel.  It  is 
the  most  satisfactory  metal  we  have  come  across  but  is  not  entirely 
satisfactory  for  fixing  baths  because  local  corrosion  occurs.  When  we 
soldered  a  monel  developing  tank  on  the  inside,  very  bad  fog  was 
produced,  but  if  soldered  on  the  outside,  it  was  satisfactory  although 
a  certain  amount  of  electrolysis  occurred.  We  have  come  across  other 
alloys  described  in  the  paper  above  which  approach  monel  in  their 
resistivity. 
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A  SPLIT  ASPHERIC  CONDENSING  LENS 

By  Frank  Benfobd 

Physicist,  Illuminating  Engineering  Laboratory.     General  Electric  Co. 

A  Problem  in  Projection 

ONE  of  the  immediate  results  of  the  introduction  of  the  high 
current  incandescent  lamp  into  the  motion  picture  industry  has 
been  the  emphasis  placed  upon  an  old  problem  of  applied  optics; 
that  is,  the  production  of  a  field  of  uniform  illumination  from  a  non- 
uniform light  source.  The  crater  of  the  carbon  arc,  which  preceded 
the  incandescent  lamp  in  projection  service,  is  sufficiently  uniform 
in  brilliancy  from  edge  to  edge  to  give  an  almost  constant  illumina- 
tion at  all  parts  of  the  screen,  but  the  incandescent  filament  not  only 
varies  in  brightness  in  different  parts  but  it  has  open  spaces  of  about 
half  the  filament  area  in  extent.  The  illumination  at  the  aperture 
and  on  the  screen  has  a  natural  tendency  to  show  an  image  of  the 
filament,  and  the  suppression  of  this  image  is  the  problem  with  which 
we  are  here  concerned. 

The  image  may  be  destroyed  in  three  ways  at  least,  but  as  this 
is  an  engineering  matter,  a  simple  optical  solution  will  not  suffice. 
To  be  more  definite,  a  number  of  factors  that  are  not  optical  in 
nature  must  be  given  consideration.  The  condensing  system  must 
be  economical  of  light  so  as  to  get  a  maximum  illumination  on  the 
screen;  it  must  be  reliable  so  that  there  will  be  no  delays  or  interrup- 
tions in  the  projection;  it  must  be  reasonable  in  first  cost  for  obvious 
reasons;  it  should  give  a  minimum  of  heat  at  the  film  for  a  given 
illumination,  and  finally  it  should  be  simple  to  adjust  so  that  the 
projectionist  will  not  be  called  upon  for  undue  optical  expertness. 
It  is  hardly  possible  to  satisfy  at  one  and  the  same  time  all  of  these 
conditions,  so  that  any  design  based  on  them  must  reflect  not  only 
the  judgment  of  the  designer  as  to  the  relative  importance  of  the 
various  factors,  but  also  his  skill  and  experience  in  this  particular 
field  of  applied  optics.  The  condenser  here  described  must,  there- 
fore, be  considered  as  merely  one  way  of  doing  what  is  possible  in 
many  ways  with  an  infinite  number  of  variations. 

An  Engineering  Solution 

The  elements  of  the  problem  of  designing  a  condensing  lens  for 
use  with  an  incandescent  lamp  in  a  motion  picture  machine  are  fairly 
definitely  outlined.  The  aperture  through  which  the  light  must  go  is 
standard  in  size  and  the  minimum  distance  from  aperture  back  to 
the  second  face  of  the  condenser  is  fixed  by  statute  in  some  states. 
The  objective  lens  may  vary  in  speed  from  possibly  f-2.2  up  to  f-5.0 
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and  the  effective  focal  length  may  vary  from  4"  to  8".  It  might  con- 
ceivably be  desirable  to  have  a  series  of  condensing  lenses  to  match 
with  the  various  objective  lenses,  but  no  serious  attempt  has  been 
made  by  the  writer  along  this  line.  The  design  data  and  experi- 
mental work  has  been  concentrated  on  a  single  condenser  to  match 
with  a  4^"  objective  of  speed  f-2.37.  The  optical  conditions  are  here 
fairly  difficult  to  meet,  and  the  condenser,  if  suitable  for  this  objective 
will  be  more  than  ample  for  slower  objectives  or  objectives  of  the 
same  speed  but  longer  focal  length. 

It  has  been  found  by  several  experimentors  that  when  the 
maximum  amount  of  light  is  projected  through  the  aperture  by  a 
pair  of  plano-convex  condensers  an  image  of  the  filament  appears  on 
the  screen,  and  if  the  lamp  is  now  adjusted  to  smooth  out  the  illumi- 
nation, about  one-third  the  intensity  is  lost.  Similarly,  if  a  lens  with 
a  pronounced  diffusion  characteristic  is  used,  a  like  loss  occurs.  The 
question  arises,  is  it  not  possible  to  maintain  a  sharp  concentration 
of  light  on  the  aperture  and  destroy  the  resultant  image  in  some  other 
way?  It  has  been  found  possible  to  do  this  by  first  designing  a 
single  condensing  lens  to  image  as  sharply  as  possible  on  the  aperture, 
and  then  by  splitting  the  lens  in  a  vertical  plane  and  removing  a 
certain  amount  of  glass  to  get  two  separate  images  that  overlap  so 
that  each  fills  in  the  dark  spaces  of  the  other.  The  field  uniformity 
so  gained  is  in  itself  not  quite  sufficient  for  the  purpose  but  there  are 
several  other  features  that  may  be  readily  worked  into  the  design 
and  thus  arrive  at  a  satisfactory  solution. 


Fig.  1 

The  two  halves  of  a  split  aspheric  condensing  lens  are  shown  in 
Fig.  1,  where  the  section  is  seen  to  be  quite  thick  and  one  face  has  a 
reverse  curve  while  the  other  is  spherical.  The  lens  shown  is  made 
up  of  four  pieces  ground  plano-convex  and  the  pairs  are  cemented 
together.  This  was  necessary  on  account  of  the  manufacturers  not 
having  pieces  of  optical  glass  of  sufficient  size.  It  is  proposed  to 
make  and  use  the  lens  in  two  parts  only,  and  the  parts  are  not  to  be 
cemented,  but  are  to  make  good  mechanical  contact.  The  coils  of 
Fig.  3  show  in  a  diagrammatic  way  how  the  two  images  of  the  filament 
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are  intermeshed,  but  in  order  to  make  the  diagram  clear  the  coils  are 
drawn  much  thinner  than  is  actually  the  case.  The  coil  of  the  30 
ampere  projection  lamp  is  twice  as  wide  as  the  space  between  coils, 
and  this  proportion  gives  rise  to  some  rather  peculiar  optical  results 
which  will  be  mentioned  later. 


Fig.  2 


It  is  common  practice  to  place  a  spherical  mirror  back  of  the 
lamp  and  so  adjust  it  that  the  reflected  images  of  three  of  the  coils 
fall  between  the  coils  themselves,  and  the  fourth  image  falls  outside 
the  coils.     If  the  lamp  is  used  without  the  mirror  and  is  imaged 


Fig.  3 

sharply  on  the  aperture,  four  bright  streaks  with  dark  spaces  between 
will  appear  upon  the  film  and  will  be  reflected  on  the  screen.  This 
condition  is  represented  by  diagram  4a,  while  the  combination  of 
filament  and  mirror  image  gives  the  greatly  superior  illumination 
shown  by  diagram  4c,  where  the  bright  streak  has  an  intensity  of 
100  and  the  spaces  between  have  an  intensity  of  70.  This  variation 
is  not  permissible  for  areas  this  close  together  and  it  is  customary  to 
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diffuse  the  light  at  the  condenser  and  thus  smooth  out  the  illumina- 
tion. 

Where  the  image  from  the  mirror  falls  upon  the  sides  of  the  adja- 
cent coils,  it  is  destroyed,  but  the  two  images  formed  by  the  divided 
condenser  are  mutually  independent  and  they  add  at  the  points  where 
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Fig.  4 

they  overlap,  giving  a  screen  illumination  as  in  diagram  4  b,  where 
the  two  images,  each  half  as  intense  as  in  4  a,  add  where  they  overlap 
and  the  intensity  there  is  full  value.  It  will  be  noted  that  not  only 
has  the  difference  in  illumination  between  image  and  space  been  cut 
in  two  but  the  width  of  the  objectionable  streaks  which  are  now  bright 
instead  of  dark,  has  been  reduced  by  half.  Therefore,  if  it  should  be 
necessary  to  destroy  the  bright  streak  by  blurring  the  image,  the 
amount  of  blur,  and  loss  thereby,  is  very  much  less.  As  a  matter  of 
fact  by  very  careful  adjustment  it  is  possible  to  use  the  split  con- 
denser without  the  spherical  mirror,  but  this  is  not  an  economical 
or  a  practical  thing  to  do. 

When  the  mirror  is  used  to  back  up  the  split  condenser  the  con- 
ventionalized image  is  as  shown  in  Fig.  4d.  The  variations  have 
almost  disappeared  from  the  center  of  the  field  and  the  normal  blur  of 
a  condenser  subtending  an  angle  of  60°  or  more  about  the  light  source 
will  wash  out  these  minor  streaks, 

Test  Equipment  and  Data 
It  was  desired  to  analyze  the  action  of  the  condenser  rather 
closely  to  see  what  was  required  of  each  section  and  what  could  be 
done  by  the  use  of  the  doubled  image.  In  order  to  carry  out  the 
analysis  a  metal  plate  with  nine  half  inch  holes  was  placed  between 
the  condensing  lens  and  the  aperture  and  each  hole  was  provided  with 
a  cover  so  that  any  hole  alone  or  a  number  in  combination  could  be 
left  open.  The  photograph  of  the  analyzing  plate,  Fig.  5,  shows  a 
hole  in  the  center,  one  at  top,  bottom,  right  and  left  edges  of  the  con- 
denser and  forms  holes  in  a  zone  midway  between  the  center  and 
edge. 
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Fig.  5 

The  light  through  each  hole  passed  to  the  aperture  plate  (which 
for  this  part  of  the  test  was  made  up  of  four  cross  wires  outlining  the 
standard  aperture)  and  then  to  the  objective  and  screen  where  it 
was  photographed.  The  screen  was  placed  eight  feet  from  the 
objective  so  that  the  intensity  would  be  sufficient  for  photographing. 
As  a  result  of  the  short  throw  the  image  of  the  cross  wires  is  seen  to 
be  distorted  in  the  accompanying  views.  The  scheme  of  using  wires 
in  place  of  a  solid  plate  allowed  a  more  definite  locating  of  the  image 


Fig.  6 


Fig.  7 
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on  the  screen  and  it  showed  immediately  just  what  part  of  each 
individual  image  was  effective  and  what  part  would  be  wasted  by 
falling  upon  the  aperture  plate. 

The  lens  was  tested  before  it  was  cut  in  two  and  then  returned 
to  the  optical  company  to  be  sawed  in  two  and  polished  on  the  sawed 
faces.  The  analysis  was  then  repeated,  and  the  results  of  two  tests 
gave  rather  complete  data  on  the  various  characteristics  of  the 
different  lens  zones. 

The  central  part  of  the  lens  gives  a  sharply  defined  image  of  high 
intensity  as  shown  in  Fig.  6.  The  four  coils  are  distinctly  seen  but  it 
will  be  noted  that  the  ends  of  the  coils  are  beyond  the  collecting  zone 
of  the  objective  lens.  In  nearly  every  case  the  angular  limits  of  col- 
lection by  the  objective  cut  off  outer  parts  of  the  image  and  gave  it  a 
generally  circular  outline. 

The  lens,  after  being  cut,  gave  an  image  from  the  central  part 
as  shown  in.  Fig.  7,  where  it  will  be  seen  that  the  definition  of  the 
image  is  much  reduced. 

Light  from  a  section  of  the  condenser  midway  between  the  center 
and  the  bottom  gives  a  sharp  image  that  is  almost  completely  de- 
stroyed by  doubling  the  image,  as  is  shown  in  Figs.  8  and  9. 
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Fig.  8 


Fig.  9 


The  top  and  bottom  points  of  the  condenser  give  images  that 
overlap  but  the  angle  of  projection  is  such  that  the  center  of  the 
aperture  does  not  seem  to  receive  any  light.  See  Figs.  10  and  11. 
The  light  from  the  top  of  the  condenser  upon  passing  through  the 
center  of  the  aperture  has  such  a  strong  downward  slant  that  it 
passes  beneath  the  objective,  and  similarly  light  from  the  bottom 
passes  over  the  objective.  It  will  be  noted  that  the  width  of  the  image 
is  less  than  before,  and  this  variation  in  image  size  is  useful  in  de- 
stroying definition  when  all  the  images  are  added  by  the  complete 
condenser. 
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Fig.  10 


Fig.  11 


The  doubled  image  shows  an  almost  complete  elimination  of 
definition. 

The  side  intermediate  shows  less  definition  than  the  bottom 
intermediate  on  account  of  the  perspective  being  such  that  the  lamp 
filaments  seem  to  touch.  There  is  less  need  for  a  correcting  action 
than  in  the  vertical  central  zone,  and  overlapping  is  less  necessary. 
Each  side  of  the  lens  gives  a  complete  image  and  what  difference  is 


Fig.  12 


Fig.  13 


shown  between  Figs.  12  and  13  is  due  chiefly  to  printing  and  develop- 
ing the  photographs.  The  images  from  right  and  left  will  intermesh 
except  at  the  ends  of  the  aperture  as  may  be  judged  from  Figs.  12 
and  13. 

Light  from  the  extreme  right  and  left  edges  of  the  condenser 
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Fig.  14 


Fig.  15 


covers  effectively  only  the  adjacent  end  of  the  aperture  and  the 
doubling  of  the  image  by  a  vertically  split  lens  is  not  possible.  See 
Figs.  14  and  15.  On  the  other  hand  the  coils  of  the  lamp,  as  viewed 
from  the  side,  merge  into  one  another,  and  except  for  the  presence  of 
color  fringes  the  illumination  is  sufficiently  flat. 

The  illumination  from  the  entire  split  condenser,  with  the 
analyzing  plate  removed  is  shown  in  Fig.  16,  and  in  Fig.  17  is  shown 
the  illumination  after  the  spherical  mirror  had  been  replaced  back  of 
the  lamp.  Attention  is  called  to  the  small  amount  of  light  outside  of 
the  boundaries  of  the  aperture.  This  economy  of  projection  is  the 
main  purpose  of  the  design,  and  if  it  can  be  maintained  in  practice 
the  condenser  will  be  at  least  an  optical  success. 


Fig.  16 


Fig.  17 
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The  condenser  was  designed  for  a  spacing  of  8"  between  lens  and 
aperture,  but  there  will  often  be  reasons  for  altering  this  distance. 
The  test  for  efficiency  of  projection,  that  is,  the  quantity  of  light- 
projected  regardless  of  suitability  of  distribution  was  made  with  a 
complete  optical  set-up  of  mirror,  lamp,  condenser,  solid  aperture 
plate  and  objective  lens  of  speed  f-2.37.  The  light  was  projected  some 
forty  feet  into  a  hemispherical  photometric  integrator,  where  the 
entire  beam  was  received  and  measured  at  one  time.  The  curves  of 
Fig.  18  show  the  relative  quantity  of  light  projected  from  spacings  of 
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7",  8"  and  9"  with  various  settings  of  the  lamp.  In  the  drawing  the 
brackets  at  the  test  points  indicate  weak  illumination  at  the  ends  of 
the  screen,  and  the  test  points  shown  by  a  small  circle  only  indicate  a 
clear  screen  free  from  objectionable  images  or  color. 
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The  final  test  of  a  piece  of  commercial  apparatus  is  often  made 
by  comparing  it  with  its  competitors.  Such  a  comparison  is  shown 
in  Fig.  19  where  a  lens  much  used  at  present  with  incandescent 
lamps  gives  the  characteristic  curve  A,  or  maximum  screen  illumina- 
tion for  various  spacings.  (The  ordinates  are  to  be  an  arbitrary  scale 
and  do  not  represent  foot-candles.)  Curve  B  is  the  characteristic  of 
the  split  condenser  at  similar  spacings  and  curve  C  is  the  ratio,  in  per 
cent,  between  B  and  A.  It  is  seen  that  a  gain  of  from  40%  to  60% 
has  been  made  and  it  is  believed  that  in  practice  there  will  be  no 
difficulty  in  maintaining  this  advantage. 

Resistance  to  Heat 

There  is  one  other  engineering  detail  that  has  not  been  men- 
tioned, and  that  is  the  probable  effect  of  the  split  in  preventing  break- 
age due  to  heat.  It  is  obvious  that  the  division  of  the  lens  into  two 
parts  will  reduce  the  heat  strains,  and  if  the  division  goes  through 
the  upper  part  of  the  lens,  where  the  temperature  is  highest  the  relief 
so  obtained  will  be  a  maximum.  The  actual  reliability  so  gained  is 
at  the  present  time  a  matter  of  speculation,  but  tests  which  are  in 
progress  have  shown  that  the  lenses,  in  spite  of  their  great  thickness, 
are  apparently  wholly  proof  against  the  usual  strain  of  heating  and 
cooling. 
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DISCUSSION  OF  MR.  BENFORD'S  PAPER 

Mr.  Porter:  This  paper  of  Mr.  Benford's  certainly  shows  how 
thoroughly  he  has  gone  into  the  design  of  this  new  condenser.  The 
hour  is  getting  late  and  I  hope  those  desiring  to  discuss  the  paper 
will  do  so  quickly. 

Dr.  Kellner  :  We  have  had  the  pleasure  of  seeing  Mr.  Benford's 
condenser  before  he  saw  it  himself,  because  he  intrusted  us  with  the 
making  of  it.  The  general  form  is  the  same  as  found  in  the  literature 
as  far  back  as  1680  in  the  Treatise  on  Light  by  Huygens.  Kepler  had 
a  similar  solution  for  a  lens  free  from  spherical  aberration.  In  1909, 
Professor  Straubel  and  Professor  von  Rohr  of  the  Zeiss  Works  de- 
scribed in  a  patent  a  construction  in  which  the  sine  condition  is  ful- 
filled and  therefore  the  different  zones  of  the  condenser  give  images  of 
the  same  size. 

Mr.  Benford's  innovation  lies  in  this  splitting  of  the  condenser 
and  taking  out  a  slab  of  material  in  the  middle  of  the  lens  for  the  pur- 
pose of  breaking  up  the  image  of  the  filament.  We  have  used  for  the 
same  purpose  an  old  device,  a  bi-prism  of  suitable  angle,  ground  on 
the  condenser  surface  with  the  refractive  angle  parallel  to  coils  of  the 
lamp.  We  discarded  it  because  we  found  a  more  efficient  means  for 
breaking  up  the  image  of  the  filament  by  the  use  of  glass  which  has 
heavy  striae  running  through  one  of  the  lenses  parallel  to^the  coils 
of  the  lamp.  This  method  may  look  a  little  barbaric  but  it  is  certainly 
most  effective. 

About  the  dispersion  effect  mentioned  by  Mr.  Benford,  I  may  say 
that  the  dispersion  produced  by  the  prism  is  directly  proportioned 
to  the  dispersion  of  the  glass  in  prisms  of  the  same  deflective  power. 
If,  for  instance,  we  have  two  prisms  of  refractive  indices  of,  say,l .  52 
and  1 .  62  but  of  the  same  dispersive  power,  for  example,  an  ordinary 
crown  and  a  heavy  barium  crown,  the  dispersion  produced  by  the 
prisms  will  be  the  same  if  the  prism's  angles  are  so  chosen  that  the 
deflection  for  one  color  is  the  same  in  both.    This  is  a  well  known  fact. 

I  may  mention  that  our  own  comparisons  between  the  Lynn 
condenser  and  the  Corning  condenser  did  not  show  differences  of 
the  magnitude  reported  by  Mr.  Beechlyn  at  the  Boston  meeting. 

Mr.  Johnson:  I  should  like  to  ask  whether  you  propose  to  make 
the  condenser  later  without  the  cement. 

Mr.  Benford:  Yes.  It  is  simply  because  we  did  not  have  the 
glass. 

Mr.  Johnson:  I  notice  that  you  start  out  with  four  coils  but  in 
the  slide  you  showed  there  are  five.    Is  that  a  mistake? 

Mr.  Benford  :  Yes — I  hadn't  noticed  that — it  is  an  error. 

Mr.  Johnson:  And  about  the  mirror? 

Mr.  Benford:  The  mirror  takes  care  of  this. 
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Mr.  Beechlyn:  I  should  like  to  ask  Mr.  Benford:  This  conden- 
ser has  been  claimed  to  possess  a  lessened  liability  to  cracking  on 
account  of  its  two  piece  construction.  Has  such  liability  actually 
been  reduced? 

Mr.  Benford:  Somewhat. 

Mr.  Dennington:  Were  the  condensers  made  of  crude  glass? 

Dr.  Kellner:  It  means  a  glass  in  which  there  are  cords  of  dif- 
ferent density,  much  as  we  get  them  by  pouring  syrup  in  the  water. 
This  is  a  defect  which  all  the  manufacturers  of  optical  glass  have  to 
fight  in  the  beginning.  These  cords  or  striae  are  nothing  but  cylinders 
of  glass  of  slightly  different  refractive  index  and  if  they  lie  parallel 
to  the  axis  of  the  coils,  they  will  break  up  the  image  of  the  coils. 

Mr.  Johnson:  With  regard  to  fluting,  there  was  a  condenser 
made  in  Paris  during  the  war  which  showed  that  glass  with  inherent 
defects  caused  the  rejection  of  a  large  number  of  lenses,  while  in 
regular  manufacture  the  number  is  greatly  reduced. 

Dr.  Kellner:  Ordinary  stria  which  run  through  the  condenser 
in  all  directions  will  not  do  the  trick.  The  difference  in  refractive 
index  must  run  in  the  same  direction  as  the  filament  coils. 

Dr.  Story:  I  should  like  to  ask  whether  the  striae  give  apprecia- 
ble loss  in  scattering. 

Dr.  Kellner:  The  differences  in  refractive  index  are  verv 
small— 1 .52,  1 .  53  or  1 .  54. 

Mr.  Beechlyn:  Dr.  Kellner's  reference  to  a  fluted  condenser 
calls  to  mind  experiments  which  were  made  at  Lynn  when  we  started 
to  design  condenser  lenses.  To  put  fluting  on  a  curved  surface  is  a 
very  difficult  task,  but  in  order  to  test  the  possible  effect  of  such 
fluting  an  experiment  was  made  by  interposing  a  piece  of  glass  behind 
the  condenser  which  had  the  fluting  on  it  and  then  allowing  for  such 
losses  as  can  be  assumed  due  to  reflection  at  the  two  extra  surfaces. 
In  order  to  make  the  piece  of  fluted  glass  with  the  greatest  facility, 
it  was  made  from  a  glass  plate  slightly  curved  in  one  plane  and  ground 
on  the  positive  side  into  a  number  of  flane  facets  so  that  it  comprised 
a  series  of  negative  cylindrical  lenses. 

Mr.  Mayer:  I  believe  Mr.  Benford  showed  on  one  slide  a  pro- 
nounced increase  of  screen  illumination  through  the  use  of  the  split 
condenser  and  I  wonder  if  the  striae  glass  idea  would  produce  the 
same  thing. 

Dr.  Kellner:  I  am  afraid  I  must  put  the  answer  up  to  Mr.  Ben- 
ford. I  think  you  can  put  the  image  in  the  film  gate.  We  have  not 
been  able  to  do  this  with  the  split  condenser  and  the  prism  behind. 
We  cannot  bring  the  image  close  enough  to  the  film  gate  but  this 
may  be  due  to  our  set  up.  Perhaps  Mr.  Benford  can  tell  us  if  the 
striae  should  give  better  results. 

Mr.  Benford:  This  matter  of  diffusion  by  striae  is  interesting. 
It  is  entirely  new  to  me.  The  biggest  problem  is  that  of  passing  the 
light  through  both  the  film  and  having  it  all  reach  the  objective. 
I  do  not  think  you  could  do  this  as  you  pointed  out,  as  a  large  quantity 
of  light  passing  through  the  aperture  would  not  reach  the  objective 
lens.  Any  method  depending  upon  scattering  must  provide  a  large 
excess  of  light  through  the  film  in  order  to  wash  out  dark  spots.    This 
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means  that  any  diffusion  method  throws  more  heat  onto  the  film, 
and  the  condenser  must  collect  more  light  and  heat,  which  makes  the 
condenser  more  difficult  to  manufacture. 

I  want  to  say  too  that  I  am  banking  on  the  split  saving  the  lens 
from  splitting  because  of  heat.  I  have  not  tried  this,  but  people  have 
found  that  when  a  lens  cracks  along  the  diameter  and  that  crack  is 
placed  vertical  the  lens  will  last  a  long  time  after  that. 

As  far  as  comparing  different  condensers  from  different  labora- 
tories I  do  not  think  this  can  be  carried  out  very  well  because  I  find  a 
great  difference  in  condensers. 

I  believe  I  mentioned  that  it  had  been  given  consideration  that 
we  should  grind  and  polish  only  one  face.  I  think  the  lens  must  be 
redesigned  to  allow  for  more  scattering  in  the  aperture.  I  have 
worked  entirely  with  this  one  lens,  and  Dr.  Kellner  has  built  the 
second  lens,  and  I  should  not  be  surprised  if  this  acts  somewhat 
differently  and  will  explain  some  of  the  differences. 
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THE  BEACON  PORTABLE  MOTION  PICTURE  PROJECTOR 

By  J.  R.  Mitchell 

THE  manufacture  of  portable  motion  picture  projectors  as  a 
branch  of  the  great  motion  picture  industry  is  only  in  its  infancy 

and  just  what  course  its  development  will  take  is  a  matter  of 
conjecture  at  this  time. 

I  do  not  believe  that  the  portable  motion  picture  projector  is 
destined  to  be  a  parasite.  I  believe  that  there  is  a  field  of  usefulness 
in  which  the  portable  projector  is  an  essential  element  in  the  expan- 
sion of  the  motion  picture  industry.  The  greatest  usefulness  of  the 
portable  projector  does  not  lie  along  paths  that  will  conflict  with  its 
elder  brother,  the  professional  theatrical  projector,  although  at  times 
there  will  be  some  competition. 

Appreciation  of  one's  limitations  is  essential  to  a  proper  perspec- 
tive and  there  certainly  are  distinct  limitations  to  the  usefulness  of  a 
portable  projector  in  the  field  of  the  theatrical  projector.  Unwilling- 
ness to  see  and  accept  these  limitations  means  only  a  waste  of  energy 
that  should  be  employed  in  developing  new  channels  in  which  the 
portable  projector  will  be  essential. 

Chief  among  these  is  the  use  of  the  motion  picture  in  the  home 
and  the  development  of  amateur  motion  picture  photography.  That 
this  is  a  field  ripe  for  development  is  beyond  question. 

A  concrete  example  of  the  possibilities  along  this  line  is  evidenced 
by  the  results  of  an  enterprising  dealer  in  a  well  known  amateur 
motion  picture  camera  who  also  handles  the  Beacon  Projector.  By 
orte  means  or  another  he  obtained  the  names  of  people  in  his  city  who 
were  going  on  extended  pleasure  trips,  to  the  South,  to  the  Mediter- 
ranean, around  the  World  and  elsewhere.  To  these  people  in  a  per- 
sonal call  he  outlined  the  advantages  of  the  motion  picture  camera  on 
such  a  trip  as  they  had  planned.  He  set  their  imaginations  at  work 
on  the  innumerable  opportunities  they  would  have  of  making  a  lasting 
and  satisfying  record  of  the  unusual  and  interesting  as  they  came 
across  it,  of  the  acquaintances  they  would  make,  of  themselves  in 
the  odd  parts  of  the  world  and  of  circumstances  they  would  delight 
to  tell  of  upon  their  return. 

He  suggested  that,  as  the  films  were  taken,  they  send  them  to 
him  to  be  developed  and  printed  and  ready  for  them  upon  their  return. 
Then  in  the  comfort  of  their  own  home  they  could  take  the  trip  over 
again  as  frequently  as  they  wish.  They  could  see  again  the  things  that 
interested  them  most,  almost  renew  again  the  acquaintances  they  had 
made  or  have  their  friends  take  the  trip  with  them. 

The  appeal  is  irresistible,  the  value  is  unquestionably  there  and 
the  portable  projector  is  an  essential  element. 

Take  another  phase  of  this  amateur  motion  picture  photography. 
What  would  it  mean  to  you  when  you  dig  up  some  old  photographs  of 
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your  family,  your  pals  on  a  hunting  or  fishing  trip,  and  the  like,  of 
which  we  all  have  many,  if  you  could  see  those  figures  moving  about, 
smiling,  talking,  in  place  of  a  set  and  often  unnatural  expression  and 
pose.  This  we  are  going  to  have  and  again  the  portable  projector  is 
essential. 

Getting  away  from  amateur  motion  picture  photography  one  of 
our  famous  Universities  is  having  made  a  motion  picture  record  of 
the  activities  of  the  student  body  year  by  year.  The  value  of 
such  a  record  to  a  graduate  is  inestimable  and  the  portable  projector 
is  again  essential. 

One  could  go  on  indefinitely  with  examples  of  a  similar  nature 
but  of  infinite  variety  in  which  the  motion  picture  figures  and  in 
which  the  portable  projector  enjoys  a  field  essentially  its  own.  The 
portable  projector  is  not  a  competitor  of  the  theatrical  projector.  It 
has  a  future  of  its  own,  its  own  manufacturing  and  marketing  prob- 
lems. 

Considerations  in  the  design  of  a  portable  projector 

In  the  design  of  any  mechanism  there  must  be  considered  the 
people  who  are  going  to  operate  it,  the  conditions  under  which  it  will 
be  used  and  the  special  work  required  of  it. 

The  portable  projector  will  not  often  be  in  the  hands  of  a  skilled 
operator  therefore  it  must  be  simple  to  operate. 

To  give  maximum  service  it  must  be  capable  of  being  used  by  a 
number  of  different  people  hence  its  operation  and  care  should  be 
readily  understood  and  easily  mastered. 

For  some  time  to  come  a  large  proportion  of  the  film  used  in  port- 
able projectors  will  be  of  inflammable  stock  and  fire  safety  must  be 
an  essential  requisite. 

In  the  school,  in  commercial  work,  in  the  home  and  for  most  uses 
of  a  portable  projector  the  ability  to  stop  and  show  a  "still"  picture 
without  endangering  the  film  is  certaintly  a  distinct  advantage  and  we 
consider  necessary. 

The  mechanical  precision  necessary  to  obtain  a  steady  picture, 
under  the  added  handicap  of  frequently  using  an  unsteady  base, 
means  that  an  efficient  projector  must  be  rather  expensive.  To  com- 
pensate for  this  cost  one  should  expect  years  of  service.  The  equip- 
ment supplementary  to  the  precision  mechanism  such  as  the  electrical 
devices,  light  projection  apparatus,  case,  fittings  etc.,  should  be  of  the 
highest  grade  and  best  design  if  a  projector  is  to  give  these  years  of 
service  and  be  an  economical  investment. 

The  Beacon  Projector  has  been  designed  and  built  to  meet  those 
conditions. 

Specifications  of  the  Beacon  Projector  as  approved  by  the  Underwriters1 

Laboratories 

Machine  Head.  The  Geneva  type  of  mechanism  is  used.  The 
star  of  the  intermittent  movement  is  made  integral  with  its  shaft  of 
low  carbon  steel  ground  on  its  own  centers.  The  cam  is  made  of  the 
same  material,  hardened  and  ground.  On  the  cam  and  star  the 
factory  allowances  are  plus  or  minus  2/10,000  of  an  inch  on  indexing. 
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Fig.  1.    The  Beacon  Projector  ready  for  operation  with^the 
feed  magazine  in  position. 

Sprockets  are  furnished  in  either  35mm.  or  28mm.  width  and  are 
made  of  cold  rolled  steel  with  extreme  accuracy  and  care  in  accordance 
with  the  specifications  obtained  and  issued  by  the  Machine  Design 
Division  of  the  Engineering  and  Maintenance  Department  of  the 
Eastman  Kodak  Company.  Guide  rollers  for  the  control  of  film  on 
the  sprockets  are  of  the  roller  type  held  in  position  by  a  spring  button 
dropping  into  a  recess  in  the  head  casting.  A  three  blade  shutter  is 
used  driven  by  a  direct  shaft  drive  from  the  head  mechanism  and 
protected  by  a  metal  guard  on  the  inside  of  the  case. 

Electrical  Apparatus.  The  motor  is  a  Westinghouse  110  volt 
Universal  motor  driving  by  means  of  a  flexible  shaft  of  eight  strands  of 
piano  wire  protected  by  an  armored  tube.  The  motor  shaft  projects 
through  the  back  of  the  case  and  carries  a  fibre  knob  by  means  of 
which  the  motor  and  the  entire  mechanism  can  be  turned  slowly  when 
desired. 
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Variable  motor  speeds  are  obtained  by  a  110  volt  rheostat  manu- 
factured by  the  Ward  Leonard  Company  of  Mount  Vernon,  N.  Y. 

To  lower  the  brilliancy  of  the  lamp  and  offer  increased  protection 
to  the  film  while  stationary  a  Ward,  Leonard  resistance  unit  is  so  con- 
nected in  the  lamp  circuit  that  while  the  motor  is  not  running  it  is  in 
series  with  the  lamp.  The  motor  switch  automatically  cuts  the  resist- 
ance out  and  the  lamp  runs  on  full  voltage.  The  resistance  reduces 
the  voltage  across  the  lamp  to  approximately  83  volts. 

A  gang  of  two  flush  switches,  manufactured  by  the  Cutler-Ham- 
mer Manufacturing  Co.  are  mounted  in  the  lower  part  of  the  back  of 
the  case  with  the  operating  handles  projecting  through.  One  controls 
the  motor  and  the  other  the  lamp. 

Mounted  in  the  lower  end  of  the  case  near  the  control  switches 
is  a  Cutler-Hammer  10  ampere,  250  volt  motor  attachment  plug  so 
mounted  that  the  plug  may  be  inserted  from  the  outside  of  the  case. 

All  wiring  within  the  case  is  flexible  heater  cord  or  asbestos  cov- 
ered wire  No.  16  B.  &  S.  gauge. 

For  line  connecting  approximately  15  feet  of  standard  listed 
No.  16  B.  &  S.  gauge  portable  cord  having  a  standard  listed  Ben- 
jamin swivel  attachment  plug  and  a  Cutler-Hammer  motor  attach- 
ment plug  attached  to  opposite  ends,  is  supplied  with  each  machine. 

Light  Projection  Apparatus.  Standard  Lighting  equipment  con- 
sists of  a  300  watt  100  volt  mazda  projection  lamp  mounted  in  a  G.E. 
660  watt,  660  volt  medium  base  socket,  permitting  the  adjustment  of 
the  lamp  filament  after  the  lamp  has  been  tightly  screwed  into  the 
socket.  The  base  socket  is  secured  to  a  brass  casting  sliding  in  a 
slotted  bracket  fastened  to  another  bracket.  This  gives  a  forward 
and  backward  adjustment  to  the  lamp.  The  second  bracket  slides  at 
right  angles  to  the  movement  of  the  lamp  in  the  first  bracket  and 
offers  a  side  wise  adjustment  for  the  lamp.  This  bracket  may  also  be 
moved  vertically.  These  adjustments  are  controlled  by  wing  nuts  and 
permit  of  the  movement  of  the  lamp  and  the  socket  in  three  planes  in 
addition  to  the  circular  adjustment  of  the  lamp  filament  in  the  socket. 

Placed  behind  the  lamp  is  a  spherical  reflecting  mirror. 

The  condensing  lens  is  a  2^-53^  foci  prismatic  pressed  glass  lens 
made  by  the  Corning  Glass  Works. 

Between  the  condensing  lens  and  the  gate  is  placed  a  glass  cell 
filled  with  distilled  water  to  absorb  the  heat  of  the  light  beam  before  it 
reaches  the  film.  This  cell  slides  upon  a  double  metal  track  fastened 
to  the  top  of  the  case.  A  fire  shutter  is  provided  attached  to  the  for- 
ward part  of  the  lamp  house  which  drops  and  cuts  off  the  light  if  the 
cell  is  removed  and  is  pushed  back  out  of  the  way  by  the  replacement 
of  the  cell. 

The  projection  lens  is  a  Kollmorgan  Snaplight  Junior  furnished 
in  quarter  inch  sizes  within  the  range  of  3"  to  5" '.  The  lens  is  held 
in  an  aluminum  sleeve.  Focusing  is  provided  by  means  of  an  alumi- 
num ring  clamped  to  the  forward  end  of  the  lens  operated  by  a  rod 
carrying  a  double  thread  providing  rapid  focusing.  This  rod  projects 
through  the  forward  end  of  the  case  and  is  finished  with  a  black  fibre 
knob  so  that  focusing  can  be  accomplished  from  outside  the  case. 
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Film  Gate.  The  gate  is  of  sheet  steel  bolted  to  the  head  and 
equipped  with  polished  pressure  pads. 

Framing  Mechanism.  Framing  is  provided  by  means  of  an 
aluminum  roller  located  between  the  gate  and  the  intermittent 
sprocket  under  which  the  film  passes.  The  bearings  of  this  roller 
are  bronzed  bushed  and  the  roller  revolves  upon  a  steel  shaft  attached 
to  an  operating  lever  projecting  through  the  top  of  the  case.  A  picture 
may  be  framed  while  the  projector  is  running  and  without  opening  the 
door. 


Fig.  2.     Beacon  Projector  with  magazine  removed  and  placed  inside  the  case 
ready  for  carrying. 

Film  Magazine.  An  aluminum  magazine  is  provided  to  hold 
the  feed  reel.  The  magazine  is  attached  to  the  top  of  the  case  by  a 
bronze  bolt  with  knurled  head  so  that  it  may  be  readily  detached  and 
placed  within  the  projector  case  for  carrying.  The  reel  revolves  with- 
in the  magazine  upon  a  steel  shaft  with  bearings  upon  the  back  and 
door  of  the  magazine.  A  tension  spring  is  provided  to  act  as  a  brake 
upon  the  reel.  A  spring  key  is  also  provided  on  the  shaft  to  fit  the 
key  way  of  the  reel.  The  magazine  is  mounted  upon  an  aluminum 
base,  which  together  with  the  magazine  and  projector  case  is  slotted 
to  permit  the  passage  of  the  film.  This  base  is  equipped  with  snubber 
rollers  to  prevent  the  passage  of  fire  into  the  magazine.  On  the  top 
of  the  case  the  film  slot  is  covered  with  a  steel  finishing  plate  over 
which  the  magazine  fits  to  hold  the  film  slots  in  magazine  and  pro- 
jector case  in  perfect  alignment.  The  film  slot  in  the  case  is  reinforced 
on  the  inside  by  an  aluminum  horse  shoe  casting. 

Film  Threading.  The  film  is  threaded  down  from  the  magazine 
through  the  film  slot  :n  the  case,  under  the  feed  sprocket  and  by  a 
loop  to  the  gate.  Through  the  gate,  under  the  framing  roller  to  the 
intermittent  sprocket.     Over  the  intermittent  sprocket  by  another 

229 


loop  to  the  take  up  sprocket.    Over  the  take  up  sprocket  to  the  take 
up  reel. 

Take  Up  Assembly.  The  take  up  assembly  is  mounted  upon 
an  aluminum  j^oke  casting  fastened  to  the  back  of  the  projector  case. 
A  steel  spindle  is  provided  with  a  key  to  fit  the  key  way  of  the  reel. 
At  the  rear  of  this  spindle  is  mounted  an  aluminum  pulley  running 
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Fig.  3.    Instruction  cut  of  the  Beacon  Projector  showing  method  of  threading 
and  operating  controls 

free  on  the  spindle  and  provided  with  an  aluminum  friction  disk  con- 
trolled by  a  coil  tension  spring  adjustable  by  means  of  a  knurled  nut 
threaded  on  the  spindle  which  in  turn  is  held  in  adjustment  by  a  set 
screw.  This  pulley  is  driven  by  a  leather  belt  running  between  this 
pulley  and  another  pulley  attached  to  the  shaft  of  the  take  up 
sprocket. 

Elevating  Legs.  Elevating  legs  are  provided  to  tip  the  front  of 
the  projector  when  necessary.  These  are  mounted  on  the  front  of  the 
case  and  are  controlled  by  thumb  screws  from  outside  of  the  case. 
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Case.  The  case  is  built  up  of  wood  approximately  3/8  inch  in 
thickness  and  has  the  general  appearance  of  a  suit  case.  The  outside 
of  the  case  is  leather  covered  and  the  inside  with  asbestos  approxi- 
mately 1/32  inch  in  thickness.  Rubber  buttons  on  the  under  side 
offer  a  means  of  support.  All  latches,  hinges,  lock,  etc.  are  heavily 
nickel  plated.  A  2^  inch  opening  in  the  door  is  covered  by  means  of 
a  colored  glass  to  offer  a  means  of  viewing  the  operation  while  the 
case  is  closed.  Five  holes,  two  3J^  inches  and  three  2J^  inches  in 
diameter  covered  by  means  of  a  perforated  metal  stamping  .022  inch 
in  thickness  ventilate  the  machine. 

Hand  Drive.  A  shaft  is  provided  to  which  a  crank  may  be 
attached  for  driving  by  hand  when  current  is  not  available.  The  case 
door  is  provided  with  an  aperture  acting  as  a  bearing  for  this  crank. 

Rewind.  Film  may  be  rewound  by  placing  the  reel  to  be  re- 
wound in  the  magazine,  threading  the  film  down  through  the  film 
slot  in  the  magazine  and  case,  between  the  feed  sprocket  guide  roller 
and  the  gate  and  then  past  the  framing  roller  to  the  empty  reel  on  the 
take  up  spindle. 

Alternate  Motor  and  Lamp  Equipment.  32  volt  Universal  Motor 
with  32  volt  300  watt  lamp  for  use  with  32  volt  current  such  as  is 
found  on  farm  lighting  systems.  An  outside  resistance  coil  may 
be  furnished  to  use  this  equipment  with  110  volt  current. 

6  volt  72  watt  lamp  for  use  with  a  6  volt  storage  battery  in  which 
case  the  projector  must  be  driven  by  the  crank  as  it  has  not  been 
found  practicable  to  drive  by  such  current  due  to  the  rapid  exhaustion 
of  the  battery. 

Through  the  above  design  and  specifications,  coupled  with  pre- 
cise manufacturing  and  careful  inspection  we  believe  we  may  claim 
for  the  Beacon  Projector  the  following  advantages  of  interest  to  the 
user  of  a  portable  projector. 

A  steadiness  of  picture  through  careful  and  accurate  manufacture 
of  the  precision  head. 

An  absence  of  flicker  by  the  same  means  and  the  use  of  a  three 
blade  shutter  in  place  of  one  with  two  blades. 

The  generous  use  of  aluminum  and  careful  estimate  of  stresses 
have  produced  a  mechanism  which,  with  a  minimum  of  weight,  posses- 
ses a  quality  and  degree  of  ruggedness  enjoyed  by  few  portable  pro- 
jectors. 

Careful  study  and  extensive  development  and  model  work  have 
produced  a  mechanism  extremely  simple  to  care  for  and  operate. 

In  designing  the  light  projection  apparatus  stress  has  been  laid 
upon  the  importance  of  delivering  the  maximum  proportion  of  light 
on  the  screen  so  as  to  use  as  low  powered  a  lamp  as  possible  rather 
than  depending  upon  excessive  illumination  at  the  lamp.  Increased 
lamp  power  increases  the  difficulty  of  counteracting  the  added  heat 
with  a  corresponding  danger  of  the  break  down  of  the  heat  absorbing 
units.  The  completeness  and  ease  of  the  lamp  adjustment  on  the 
Beacon  Projector  enables  one  to  obtain  the  maximum  value  from  the 
illumination  at  the  lamp. 

The  advantage  of  the  straight  line  film  feed  over  the  cross  over 
type  is  accepted  both  on  account  of  the  increased  life  of  the  film  and 
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reduction  of  breakage  as  well  as  simplifying  the  threading  which  is 
of  the  greatest  importance  in  a  portable  projector.  This  has  been 
obtained  with  no  loss  of  portability  as  the  outside  magazine  carries 
inside  of  the  case. 

The  use  of  a  direct  shaft  drive  is  a  more  positive  and  satisfactory 
method  than  the  usual  belt  drive. 

The  ability  to  stop  and  show  a  "still"  picture  for  a  long  period 
without  endangering  the  film  is  essential  to  the  greatest  usefulness  of  a 
portable  projector. 

Every  factor  toward  fire  safety  such  as  the  reduction  to  a  mini- 
mum of  lamp  wattage,  the  further  reduction  of  heat  by  the  heat 
absorbing  cell  together  with  the  automatically  increased  resistance 
when  the  motor  is  stopped,  the  separation,  while  running,  of  the  film 
into  two  widely  separated  fire  resistant  compartments,  the  complete 
isolation  of  all  electrical  devices  by  a  fire  wall  has  tended  to  make  the 
Beacon  Projector  practically  proof  against  fire  danger. 

All  operating  functions  such  as  starting,  lighting,  speed  control, 
framing  and  focusing  can  be  performed  from  outside  of  the  case  with- 
out opening  the  door.  If,  when  the  machine  is  stopped  to  show  a 
"still"  picture,  a  shutter  partially  covers  the  light  aperture  the 
shutter  maj^  be  moved  out  of  the  way  by  meahs  of  the  motor  knob 
from  the  outside  of  the  case. 

Being  able  to  turn  the  whole  mechanism  by  means  of  the  motor 
knob  to  show  one  frame  at  a  time  is  a  great  help  in  studying  the  detail 
of  motion.  This  feature  also  permits  the  printing  of  stereopticon 
slides  upon  film  with  a  great  reduction  in  space  and  weight. 

May  I  say  in  closing  that  we  consider  the  portable  projector 
only  in  the  early  stages  of  its  development,  that  it  has  yet  to  go  the 
long  road  of  trial  and  experiment  which  can  only  bring  to  any  mecha- 
nism that  simplicity  of  design  and  certainty  of  performance  that 
mechanical  perfection  requires. 

I  believe  that  there  is  a  great  future  in  store  for  the  portable 
projector,  greater  even  than  the  success  of  the  phonograph,  as  the 
eye  is  a  greater  source  of  enjoyment  and  profit  than  the  ear. 

Further,  may  I  add,  that  as  manufacturers  we  welcome  every 
good  projector  in  the  market.  Every  manufacturer  who  is  working  to 
produce  a  better  mechanism  is  a  much  needed  recruit  to  the  cause  of 
the  development  of  the  use  of  motion  pictures  in  the  home,  the  school, 
the  church,  the  so-called  non-theatrical  field.  To  this  end  we  need  and 
should  have  cooperation.  Competition  also  we  need — and  will  no 
doubt  have — for  competition  is  a  helpful  stimulant  to  greater  efforts 
and  our  mutual  benefit. 


232 


DISCUSSION 

Dr.  Story:  Do  you  have  any  trouble  with  the  boiling  of  the 
water  in  the  cell  and  is  it  cooled  in  any  way? 

Mr.  McNabb:  What  is  the  ratio  of  movement — that  is,  the 
film  movement  time? 

Mr.  Mitchell  :  A  given  point  on  the  shutter  passes  through  an 
arc  of  84  degrees  during  the  pull  down  movement  of  the  film  in  the 
film  gate.  It  therefore  passes  through  an  arc  of  276  degrees  while  the 
film  is  at  rest. 

We  have  had  no  trouble  at  all  in  practice  with  the  water  in  the 
cell  becoming  over-heated.  The  lamp  has  been  turned  on  three  hours 
with  the  film  stationary  and  even  in  that  length  of  time  the  water  did 
not  boil  nor  did  the  film  burn.  It  is  my  understanding  that  it  takes  a 
temperature  of  about  300°  F.  to  fire  a  piece  of  film  and  you  can 
readily  see  that  even  if  the  water  in  the  cell  were  boiling  the  tempera- 
ture would  not  be  sufficiently  high. 

I  might  explain  the  shutter  movement.  We  use  a  three  blade 
shutter,  and  the  blades  come  through  in  rotation.  One  cuts  off  the 
light  and  the  other  two  are  interrupting  blades. 

Mr.  John  G.  Jones:  Are  the  blades  equal? 

Mr.  Mitchell:  No;  they  are  not.  The  two  interrupting  blades 
are  smaller. 

Mr.  John  G.  Jones:  What  is  the  number  of  degrees  in  the  large 
blade? 

Mr.  Mitchell:  Eighty-seven  degrees.  We  can  also  drive  by 
hand  by  putting  a  crank  through  the  case  aperture,  which  gives  a 
bearing  and  then  on  to  a  hand  shaft.  We  also  have  a  de-clutching 
lever.  Our  fire  protection  as  far  as  the  film  is  concerned  (demon- 
strating with  model)  is  that  the  electric  device  is  isolated  when  the 
door  is  shut,  and  the  snubber  rollers  are  in  the  base  of  the  magazine. 

Dr.  H.  P.  Gage:  Is  there  a  ventilating  fan? 

Mr.  Mitchell:  There  is  not,  sir. 

Mr.  McNabb:  Would  there  be  time  to  give  a  white  screen 
demonstration  to  observe  the  shutter  action?  Just  project  the  light 
on  the  screen  at  normal  speed. 

(Demonstration  given.) 

Mr.  Palmer  :  I  think  in  each  case  it  would  be  well  to  know  what 
the  weight  of  the  machine  is. 

Mr.  Mitchell:  This  weighs  29  lbs. 

Voice:  Is  that  with  the  rheostat? 

Mr.  Mitchell:  I  should  say  the  weight  of  the  rheostat  is  only 
a  few  ounces — about  three.  I  might  add  that  this  magazine  is  carried 
within  the  case. 
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THE  DISCROLA 

C.  Francis  Jenkins 

THE  Discrola  is  a  machine  for  the  projection  of  motion  pictures 
in  the  home,  and  has  been  attained  by  the  invention  of  continu- 
ous motion  in  picture  mechanisms,  and  a  picture  record,  which 
consists  of  a  plurality  of  paper  discs. 

The  Discrola  machine  is  cabinet  like,  and  in  the  top  is  a  rotating 
table  upon  which  the  picture  disc  is  placed,  with  two  small  lamps  for 


Fig.  1.     Discrola  for  Home  Motion  Picture  Entertainment 


illumination,  and  an  arrangement  of  oscillating  mirrors  for  projecting 
the  picture  onto  a  screen  in  the  lid  of  the  machine  when  it  is  opened. 
The  table  is  rotated  with  a  small  motor. 

The  pictures  on  the  discs  are  printed  from  standard  motion  pic- 
ture film,  in  an  automatic  machine  which  transfers  the  pictures  from 
a  positive  ribbon  film  to  a  single  circular  row  of  exposures  on  the 
cut  film  negative.  When  this  is  developed,  paper  prints  are  made 
from  it  as  from  any  other  negative.  From  these  paper  prints  a 
lithographed  edition  of  the  record  is  made,  perhaps  in  color.    These 
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paper  prints  are  then  collated  in  tablet  form,  and  fastened  integrally 
at  the  center  with  an  eyelet  which  fits  over  the  pin  in  the  rotating 
table  of  the  Discrola.  The  record  is  circular,  12  inches  in  diameter 
and  about  Y2  inch  thick,  and  is  thus  made  up  of  many  leaves,  the 
average  disc  containing  the  equivalent  of  1000  feet  of  film.  Each 
disc  is  slit  radially  and  interlaced  with  the  adjacent  leaf  on  each  side 
overlapping  one  picture  width.  When,  therefore,  the  disc  is  put  on 
the  rotating  table  of  the  Discrola,  each  leaf  in  succession  is  bent  up- 


Fig.  2. 


Automatic  Printing  Machine  for  Making  Discrola  Record  Negative 
from  Motion  Picture  Film  Positive 


ward  and  backward  by  a  frame,  the  entering  end  of  which  carries  a 
little  roller,  the  underlapping  trailing  edge  of  each  leaf  carrying  up 
over  this  little  wheel  the  leading  edge  of  the  next  leaf.  In  this  manner 
each  picture  of  the  whole  series  of  successive  leaves  is  brought  into 
the  illumination  of  the  light  source,  and  under  the  objective  lens 
which  images  it  on  the  screen  in  the  lid  of  the  machine,  by  reflection 
from  two  small  oscillating  mirrors. 

The  success  of  the  machine  lies  in  the  oscillating  mirrors,  because 
they  must  not  only  reflect  the  picture,  but  must  correct  the  optical 
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error  caused  by  the  circularly  moving  picture  carrier;  (1)  correction 
must  be  made  for  continuous  movement ;  (2)  correction  must  be  made 
for  circular  movement :  and  (3)  correction  must  be  made  for  a  result- 
ant error. 

That  is  about  all  there  is  to  the  machine,  namely,  a  motor  to 
rotate  the  picture-record  table  in  an  illuminated  field,  and  two  small 
oscilla.ting  mirrors  for  bringing  these  continuous  running  pictures  into 
a  stationary  position  on  the  screen  in  the  lid  of  the  Discrola. 


Fig.  3.     Discrola  Motion  Picture  Record 


The  machine  is  quite  as  easily  managed  as  the  Victrola,  which  it 
greatly  resembles.  There  is  no  threading  up,  no  danger,  and  no  tech- 
nicalities— just  drop  the  record  on  the  rotating  table,  push  a  button 
and  instead  of  music  we  have  pictures. 

The  records  always  remain  rewound,  and  are  ready  to  use  again 
instantly,  and  can  be  easily  sent  through  the  mails.  They  are  per- 
fectly safe  for  the  children  to  use,  for  there  is  no  more  fire  risk  than 
there  is  handling  a  book. 

The  picture  record  can  be  made  at  very  little  cost,  and  will 
probably  sell  for  one  dollar  or  rent  for  twenty-five  cents,  on  an 
exchange  arrangement  resembling  circulating  book  libraries. 

The  Discrola  is  a  sort  of  by-product  of  the  development  of 
Photographs-by-Radio,  and  while  it  is  a  most  attractive  machine  for 
home  entertainment,  and  promises  a  volume  of  business  comparable 
to  the  Victrola  record  business,  my  time  is  entirely  taken  up  with 
the  Photographs-by-Radio  and  Motion-Pi ctures-by-Radio  develop- 
ment, so  that  I  shall  not  have  the  opportunity  of  setting  up  a  sales 
organization  for  the  Discrola  and  records.    Therefore,  I  cannot  prom- 
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ise  that  they  will  be  available  in  open  market  very  soon,  unless  I 
shall  be  fortunate  enough  to  find  someone  who  has,  or  can  set  up  the 
necessary  sales  organization. 
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Fig.  4.     Diagram  of  Discrola  Mechanism 
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DISCUSSION 

Mr.  Richardson:  I  hesitate  to  discuss  the  paper  in  Mr.  Jenkins' 
absence,  but  I  do  not  consider  the  scheme  very  practicable.  I  have 
had  a  number  of  similar  plans  presented  for  my  consideration.  You 
wiil  note  that  his  optical  system  contains  a  projection  lens  and  a 
train  of  three  mirrors,  thus  necessitating  careful  adjustment.  A 
man  in  California  has  been  working  on  something  similar  for  several 
years  but  has  been  unable  to  perfect  his  equipment.  With  all  due 
respect  to  Mr.  Jenkins,  I  doubt  if  a  projector  of  this  type  will  be 
found  satisfactory. 
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A  COMBINED  MOTION  PICTURE  CAMERA  AND 
PROJECTOR 

By  Augustus  R.  de  Tartas 

SYNOPSIS 

This  paper  is  essentially  an  exposition  of  the  scope  and  principles  of  motion 
picture  apparatus,  relevant  to  the  amateur  and  the  home  and  equally  applicable  for 
use  in  industry,  scientific,  and  educational  work.  Photographs  of  the  apparatus 
and  mechanism  and  drawings  of  the  principal  features  are  given  to  show  more  clearly 
the  work  done  in  endeavoring  to  embody  compactness,  simplicity,  lightness,  practi- 
cability, and  economy.  The  principal  features  in  this  instance  are  discussed  at 
length.  In  general,  the  paper  constitutes  a  comprehensive  answer  to  the  problem  of 
"Motion  Pictures  for  the  Home." 

Introduction 

ONLY  the  question  of  expense  stands  in  the  way  of  universal 
employment  of  the  motion  picture  for  the  home  and  its  greater 
general  use  in  industry,  science,  and  education.  Heretofore,  a 
more  serious  problem  hindered  to  a  great  extent,  the  development  of 
motion  picture  apparatus  for  general  use.  THE  FILM,  with  its  fire 
risk,  which  today  has  been  overcome  by  the  so-called  non-inflam- 
mable or  slow  burning  film  and  makes  possible  the  use  of  motion 
pictures  in  the  home  and  classroom.  However,  notwithstanding  the 
overcoming  of  this  obstacle,  serious  consideration  of  a  more  simpli- 
fied mechanical  construction  of  the  camera  and  projecting  apparatus 
together  with  portability,  are  the  essential  things  for  generalizing  the 
art,  and  where  everyone  can  make  their  own  pictures  without  possess- 
ing technical  knowledge.  After  a  long  period  of  extensive  study  and 
research  of  the  art  of  photography  together  with  experimental  and 
development  work:  in  the  mechanical  construction,  the  following 
results  have  been  obtained  as  a  solution  to  the  essentials  as  afore- 
mentioned. 

The  object  in  view  at  the  outset  was  the  possible  idea  of  eliminat- 
ing one  complete  mechanism.  Heretofore,  as  has  been  the  case,  a 
separate  camera  and  projector  were  employed.  Whereas,  in  this 
instance  (referring  to  the  photographs  which  clearly  show  the  means 
of  how  the  object  was  attained),  there  is  only  one  simple  mechansim 
used  for  both  purposes. 

The  units  of  construction  and  parts  may  be  summarized  as 
follows : 

(1)  Camera-Casing  and  crank  handle. 

(2)  Lamp  house  and  lamp  equipment. 

(3)  Main  frame  containing  complete  assembly  of  mechanism. 
Referring  more  particularly  to  the  several  units. 
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Fig.  1 


Fig.  2 


Illustration  1.  Shows  the  apparatus  closed  and  in  the  position 
as  the  camera.  Size,  six  inches  long,  three  and  one-half  inches  wide, 
and  nine  inches  light.  Weight  of  complete  apparatus  including  pro- 
jecting and  lighting  equipment,  six  pounds. 

Illustration  2.  Showing  same  apparatus  with  lamp  housing  at- 
tached, as  the  projector. 


Fig.  3 

Illustration  3.  Case  open,  showing  main  frame  with  projecting 
reels  in  position.    Daylight  loading  camera  magazines  are  provided. 

Main  Frame,  mechanical  assembly  of  the  following  units,  refer- 
ring more  particularly  to  the  illustrations  and  drawings.  (Figs. 
I,  2,  3,  4,  5,  6,  7,  8.) 
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Fig.  4 


(1),  (Fig.  4)  is  the  camera  casing,  having  a  film  guide,  gate,  and 
pressure  plate  (2)  of  the  usual  construction.  Sprocket  and  guide 
rollers  (3)  of  standard  type,  spindles  4  for  supporting  camera  maga- 
zines and  projecting  reels.  Five  is  a  driving  gear  mounted  upon 
sprocket  shaft  6  and  actuated  by  the  handle  7,  the  same  meshing  with 
a  gear  8  upon  the  film  feed  shaft  9.  This  shaft  9  carries  a  beveled  gear 
10  which  engages  with  a  beveled  gear  11  upon  a  shaft  12  placed  at 
right  angles  to  shaft  9  and  whose  other  end  carries  a  gear  13.  This 
gear  13  engages  with  a  gear  14  which  is  mounted  upon  and  in  align- 
ment with  the  axis  of  the  shutter  15  re  volubly  mounted  upon  the 
stud  16  carried  by  a  movable  support  17.  One  end  of  this  support 
surrounds  the  shaft  12  so  as  to  maintain  the  axis  of  the  gears  13  and 
14  at  a  constant  distance  while  the  other  end  is  provided  with  a 
handle  18  which  protrudes  through  the  casing  1  (Fig.  6)  and  is  adapted 
to  be  moved  through  a  slot  19  therein  and  engaged  by  and  disengaged 
from  detaining  recesses  or  catches  20  and  21.  A  small  pulley  is 
mounted  on  shaft  of  lower  spindle  and  a  spring  belt  connecting  with 
pulley  on  driving  shaft  for  the  purpose  of  film  take-up  in  lower  reel 
or  magazine. 

Shutter  (Figs.  5,  6  and  7) 

The  camera  is  provided  with  a  unitary,  rotatable  shutter  (Fig.  5) 
having  exposure  and  projecting  openings  located  at  different  distances 
from  its  axis  of  rotation  and  adapted  to  be  used  for  either  exposing 
a  strip  of  film  or  projecting  pictures  as  may  be  desired.  The  means 
provided  for  adjusting  the  combination  shutter  for  both  of  said 
purposes  and  for  operating  the  shutter  in  either  of  its  two  adjusted 
positions  were  given  above.  The  shutter  is  provided  with  one  opening 
22  and  being  the  opening  for  exposing  the  film,  and  a  plurality  of 
openings  23,  in  this  present  instance  three  openings,  for  use  when 
the  picture  is  projected  on  the  screen.  The  shutter  can  be  moved 
or  adjusted  so  that,  for  exposure  of  the  film,  the  opening  22,  as  the 
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shutter  revolves,  will  pass  across  the  axis  of  the  lens.  When  the 
shutter  is  adjusted  in  the  other  position,  the  projecting  openings  23 
will  pass  across  said  axis.  In  order  to  obtain  a  uniform  action  for 
the  shutter,  the  shutter  disk  is  provided  with  a  weighted  rim  24, 
which  causes  the  shutter  to  act  as  a  flywheel. 


Fig.  6 


Fig.  5 


Fig.  7 


A  diaphram  with  a  fixed  opening  is  attached  to  the  movable 
support  17  whereby,  when  the  handle  18  is  raised  to  the  upward 
position  bringing  the  camera  shutter  opening  before  the  lens,  the 
diaphram  is,  at  the  same  instant  brought  before  the  lens.  It  is  re- 
moved when  the  handle  is  lowered,  bringing  the  projecting  openings 
of  the  shutter  in  position  and  allowing  full  use  of  the  lens  when  pro- 
jecting. 

Film  Feed  Mechanism 

The  camera  is  provided  with  a  new  and  improved  film  feed 
mechanism  of  simple  construction.  Its  purpose  and  object,  in  which 
the  element  engaging  the  film  shall  at  the  moment  at  first  engage- 
ment have  a  substantially  rectilineal  movement  at  right  angles  to  the 
film  and  further  to  provide  a  feed  which  in  its  film  disengaging  move- 
ment has  a  substantially  rectilineal  movement  at  right  angles  to  the 
film.  In  other  words,  in  order  to  feed  the  film,  a  disk  16  (Fig.  8)  is 
fastened  to  shaft  10  the  disk  having  a  crank  pin  17  thus  forming  a 
crank  upon  which  is  pivoted  a  finger  18.  This  finger  is  provided  with 
an  arm  19  whose  other  end  is  pivoted  to  a  supporting  arm  20,  the  free 
end  of  arm  20  is  mounted  on  frame  of  camera.  In  operating  the  feed, 
the  disk  16  is  caused  to  move  clockwise,  with  the  result  that  the 
finger  18  is  first  caused  to  enter  one  of  the  perforations  in  the  film. 
As  the  disk  16  is  further  revolved,  the  finger  18  moves  downward, 
dragging  the  film  with  it.  After  the  axis  of  the  pin  17  has  passed 
below  the  axis  of  the  shaft  10,  the  finger  18  is  withdrawn  from  the 
perforation  by  a  substantially  rectilineal  movement  at  right  angles  to 
the  plane  of  the  film  and  finally  entirely  disengages  the  film  after  one 
step  of  the  movement  of  the  film  has  been  fully  completed. 

As  the  disk  continues  to  revolve  the  finger  is  then  moved  upward 
and  toward  the  film,  re-engaging  another  perforation  in  the  film  and 
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repeats  its  feeding  operation.  The  finger  18  is  tapered  on  both  sides 
and  therefore  does  not  engage  the  film  until  a  substantial  portion  of 
that  finger  has,  in  its  forward  movement,  penetrated  the  film  through 
one  of  said  perforations  and  as  it  leaves  the  film  it  disengages  the  sides 
of  said  perforation  before  it  has  been  completely  withdrawn  from 
the  perforation.  In  this  way  a  very  positive  step  by  step  movement 
of  the  film  is  produced,  with  little  rubbing  action  upon  the  film, 
enabling  the  apparatus  to  be  operated  at  high  speeds  without  danger 
of  injury. 

Optical  and  Lighting  System 

The  lighting  and  optical  system  provided  is  in  conformity  with 
the  general  simplicity  of  the  apparatus.  A  condensing  lens  placed 
in  the  lamp  house  for  the  purpose  of  collecting  the  light  of  a  suitable 
concentrated  light  source  and  projecting  it  upon  a  prism  mounted  on 
the  film  gate  in  camera,  which  in  turn  deflects  the  light  at  right 
angles.  By  means  of  a  convex  surface  ground  on  the  prism,  the  light 
is  again  collected  and  concentrated  upon  the  lens  and  on  through  to 
the  screen.  The  lens  is  of  the  triplet  design  and  construction,  and 
possessing  properties  not  found  in  the  usual  type  of  this  lens.  Its 
focal  length  is  35  m/m  and  it  is  fastened  in  the  camera  where  it 
cannot  be  disturbed. 
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Conclusion 

Therefore,  by  incorporating  the  aforementioned  shutter  and  its 
simple  means  of  adjustment,  it  was  possible  to  eliminate  one  complete 
mechanism  and  we  have  a  self-contained  picture  taking  or  projecting 
camera  which  can  be  used  for  either  purpose  without  the  removal  or 
substitution  of  any  part  other  than  the  lamphouse,  and  the  only 
knowledge  that  the  operator  need  possess  is  the  threading  of  the  film 
around  one  sprocket  and  to  turn  the  crank. 
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DISCUSSION 

Dr.  Kellner:  What  is  the  size  of  the  filament  and  the  size  of  the 
lamp? 

Mr.  Detartas:  The  lamp  is  a  standard  automobile  lamp  12  to 
16  volts —  concentrated  filament.  We  now  have  a  line  current  lamp 
of  sufficient  candle  power,  concentrated  filament  and  generating  very 
little  heat,  to  be  used  direct  and  so  eliminate  the  rheostat.  Unfor- 
tunately, we  have  not  the  lamp  here.  The  lamp  house  is  not  ready  to 
accommodate  it. 

Dr.  Kellner:  What  is  the  size  of  your  aperture,  because  on  that 
will  depend  the  quantity  of  light  passing  the  objective? 

Mr.  Detartas:  At  present  we  are  using  the  half  size  standard 
film  or  standard  film  cut  length-wise  in  half.  The  picture  is  then 
reduced  to  one-half  that  of  the  standard  size  or,  approximately  % 
by  7/16,  the  aperture  is  slightly  smaller.  It  is  contemplated  using 
the  new  film  we  are  expecting  very  shortly,  the  16  mm.  film.  The 
machine  is  adapted  to  accommodate  any  size  film  that  may  be  adopted 
as  standard.  By  means  of  the  unique  optical  system  we  get  practi- 
cally all  the  light  possible  from  the  light  source. 

Dr.  Kellner:  What  is  the  F  value? 

Mr.  Detartas:  The  F  value  in  projecting  is  3.9,  in  taking  F.8  by 
means  of  a  fixed  diaphragm.  The  weight  of  the  rheostat  is  the 
"standard"  3*/2  ounces. 

Mr.  Richardson:  This  kind  of  apparatus  opens  one  of  the 
largest  fields  the  motion  picture  industry  has,  if  it  can  be  kept  within 
$50  in  price.  I  believe  that  every  family  even  of  moderate  means  and 
ordinary  intelligence  desires  a  motion  picture  camera.  I  would  give 
anything  I  am  able  to  give  to  be  able  to  look  again  upon  scenes  enacted 
in  my  home  long  ago;  for  instance,  the  marriage  of  my  daughter  and 
the  pictures  of  her  son  at  different  ages.  The  trouble  to-day  is  that 
all  apparatus  is  too  complicated,  too  expensive,  and  too  dangerous. 
The  field  is  enormous,  there  is  no  limit  to  it,  but  the  price  is  too  high 
for  the  ordinary  family. 

Mr.  McNabb:  I  should  like  to  see  a  demonstration  of  the 
projection. 

(Demonstration  given.)     (Applause.) 

Mr.  Detartas:  You  may  stop  the  machine  at  any  time  and 
leave  the  picture  projected  for  as  long  as  desired,  or  until  the  lamp 
burns  out,  without  even  warming  the  film. 

Mr.  Davidson:  What  was  the  length  of  the  film. 

Mr.  Detartas:  100  feet,  linear. 
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THE  CINE  KODAK  AND  KODASCOPE 

By  C.  E.  K.  Mees 

Director  of  Research  and  Development,  Eastman  Kodak  Company, 
Rochester,  N.  Y. 

FOR  use  with  the  new  substandard  film  described  in  a  previous 
paper,  the  Eastman  Kodak  Company  has  developed  a  new  motion 
picture  camera  and  projector.  The  camera,  which  it  is  proposed 
to  call  the  Cine  Kodak,  was  designed  and  built  in  the  instrument 
shop  of  the  optical  factory  and  is,  on  the  whole,  of  standard  type. 
The  lens  equipment  consists  of  a  Kodak  Anastigmat  of  25  mm. 
focal  length,  working  at  f/3.5,  with  a  focusing  mechanism  which  can 


Fig.  1.     Front 
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be  operated  from  the  back  of  the  camera,  the  lens  being  focused  by 
scale  for  any  distance  from  infinity  to  four  feet.  The  diaphragm  con- 
trol is  also  carried  to  the  back  of  the  camera,  and  at  the  center  of  the 
back  is  the  footage  indicator  (Fig.  1). 


Fig.  1.     Back 

The  mechanism  of  the  camera  is  a  Lumiere  cam  operating  a 
claw,  the  film  being  fed  by  a  single  sprocket  to  the  gate  and  thence 
back  to  the  wind-up  spool  (Fig.  2).  A  special  feature  of  the  camera 
is  the  finder,  which  passes  through  the  box  from  front  to  rear  and 
gives  a  large  clear  image.  Since  the  finder  is  not  exactly  in  the  same 
position  as  the  taking  lens,  there  would  be  a  certain  amount  of  paral- 
lax between  the  finder  image  and  that  produced  on  the  film,  especially 
when  taking  near  objects.  This  is  eliminated  by  a  movement  of  the 
finder  lens  geared  to  the  focusing  movement,  so  that  the  image  shown 
in  the  finder  always  coincides  with  that  actually  obtained  on  the 
film.  The  whole  case  of  the  camera  is  made  by  die  casting  and  is  a 
beautiful  example  of  the  die-caster's  art,  which  has  been  so  greatly 
improved  of  recent  years. 

Since  it  is  impossible  to  turn  steadily  the  crank  of  a  camera  held 
in  the  hand,  even  an  amateur  motion  picture  camera  must  be  used 
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Fig.  2 

upon  a  tripod,  and  for  this  purpose  a  special  tripod  has  been  made 
which  is  as  light  as  possible,  the  tripod  head  being  made  to  rotate 
and  move  in  a  vertical  direction  for  the  convenience  of  the  operator. 
It  is  not  intended  that  the  tripod  should  be  used  to  produce  panoramic 
pictures  by  rotating  while  the  camera  is  cranked.  It  is  extremely 
difficult  to  do  this  smoothly,  and  the  result  when  obtained  rarely 
gives  a  pleasing  effect  when  projected,  but  a  moving  head  is  necessary 
to  enable  the  camera  to  be  moved  in  its  direction  rapidly  in  order  to 
follow  objects  in  the  field.  The  weight  of  the  camera  loaded  is  eight 
pounds  and  of  the  tripod  with  its  special  head,  nine  pounds. 

In  order  to  load  the  camera,  the  outer  cover  is  removed  from  the 
film  spool,  but  the  inner  cover  is  left  in  position  as  an  additional  pro- 
tection to  the  film  to  prevent  any  possible  fogging  during  loading. 
The  leader  is  pulled  out  to  a  mark  and  is  threaded  to  the  sprocket  and 
gate,  and  back  to  the  wind-up  spool.  When  the  camera  is  ready  for 
use,  the  inner  cover  of  the  film  spool  is  removed  and  the  door  closed. 
After  the  film  is  all  wound  up,  the  door  is  opened,  the  first  cover  put 
on  the  spool,  which  is  then  removed  from  the  camera,  the  second 
cover  put  on,  and  the  film  is  ready  to  be  sent  for  development. 

The  projector,  which  is  called  the  "Kodascope,"  is,  like  the 
camera,  a  standard  projector  with  such  changes  as  are  necessary  to 
make  it  suitable  for  use  by  amateurs  and  for  the  small  film  (Fig.  3). 
The  mechanism  is  of  the  same  cam  and  claw  type  as  that  used  in  the 
camera.  This  would  result  in  a  pull  down  of  120°,  which  would,  of 
course,  be  impossible,  and  in  order  to  avoid  this,  the  pull  down  works 
at  twice  the  normal  speed  and  has  a  two  to  one  cam  attachment  which 
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Fig.  3 

produces  a  misstep  at  every  other  stroke,  so  that  the  pull  down 
actually  takes  place  in  60°.  A  three-blade  shutter  is  used,  and  the 
machine  is  effectively  free  from  flicker.  The  reels  for  the  projector 
are  made  to  take  400  feet  of  the  small  film,  which  are  equivalent  to 
one  thousand  feet  of  the  standard  reel.  The  film  is  threaded  through 
an  upper  sprocket,  which  feeds  the  film  in  a  loop  to  the  gate,  then 
through  a  lower  sprocket  to  the  take-up  reel,  which  is  placed  on  the 
bottom  shaft.  The  standard  lens  is  of  2"  focal  length,  which  fills 
a  30//x40//  screen  at  18  feet  and  a  40//x54//  screen  at  24  feet  distance. 
A  4"  lens  can  be  fitted  if  necessaiy  for  long  throws. 

The  Kodascope  is  driven  by  a  motor,  the  speed  of  which  is 
regulated  by  a  resistance  fitted  into  the  base,  and  is  entirely  automatic 
in  its  operation.  Once  a  film  is  threaded,  there  is  no  need  to  go  near 
the  machine  until  the  film  is  exhausted  unless  a  break  occurs,  so  that 
an  operator  is  quite  unnecessary. 

The  light  is  supplied  by  a  tungsten  lamp  through  a  condenser 
which  is  fitted  in  a  swinging  lamp  house  just  behind  the  gate.  The 
standard  equipment  for  this  is  a  14-volt,  56-watt  lamp  in  a  T-8  bulb, 
which,  however,  has  been  made  to  fit  the  standard  base  instead  of  the 
candelabrum  base,  the  lamp  having  a  reflector  focused  behind  it 
which  greatly  increases  its  efficiency.  After  a  number  of  experiments 
with  transformers  of  different  types,  it  was  decided  to  use  a  resistance 
unit  with  ammeter  for  controlling  the  current.  This  resistance  con- 
sists of  two  resistance  units  giving  a  total  value  of  22  ohms  and  a 
variable  resistance  of  5  ohms  in  series  with  these,  by  which  the 
current  can  be  adjusted  to  four  amperes  for  a  range  of  initial  voltages 
from  105  to  125.    This  lamp  gives  ample  light  for  a  4^  foot  screen, 
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and  it  is  intended  to  use  it  for  all  work  in  the  home.  For  use  in 
assembly  rooms,  where  more  than  a  hundred  people  are  present,  it  is 
necessary  to  use  a  larger  screen,  and  an  extra  lamp-house  has  been 
devised  which  can  be  substituted  for  the  standard  one,  into  which  is 
fitted  a  200  watt  lamp  of  50  volts  operating  with  a  slight  modification 
of  the  standard  resistance  on  four  amperes  so  that  a  seven  foot  screen 
can  be  covered.  It  may  be  interesting  to  mention  that  experimentally 
the  machine  has  been  used  with  a  small  arc  lamp  and  good  ten-foot 
pictures  have  been  thrown  with  it. 

In  order  to  protect  the  film  from  the  heat  of  the  lamp  when  the 
projector  is  not  running,  a  safety  shutter  is  supplied  which  is  operated 
by  a  centrifugal  governor  so  that  the  shutter  does  not  move  out  of  the 
way  until  the  machine  is  running  at  an  appreciable  speed.  It  is  thus 
quite  impossible  to  damage  the  film  by  allowing  the  light  to  fall  upon 
it  with  the  machine  standing  still. 

The  weight  of  the  Kodascope  projector  with  motor  ready  for  use 
is  about  20  pounds. 

A  special  projection  screen  has  been  made  with  a  surface  having  a 
high  reflection  oower  but  which  is  still  satisfactory  when  viewed  at  a 
considerable  angle.  This  screen  is  fitted  on  a  spring  roller  so  that  it 
can  be  made  to  roll  up  in  its  case  and  when  erected  is  surrounded  by  a 
black  frame,  thus  giving  a  good  appearance  to  the  picture. 

The  introduction  of  motion  pictures  into  the  home  will,  of  course, 
produce  a  demand  for  pictures  other  than  those  taken  by  the  owner 
of  the  machine,  and  we  are  arranging  therefore  to  supply  for  the 
Kodascope  a  library  of  films  made  by  the  reduction  of  standard  reels 
to  Kodascope  size.  We  hope  in  the  next  year  to  have  several  hundred 
subjects  available,  including  scenic  pictures,  stories  for  children,  and 
pictures  of  all  kinds  of  a  type  suitable  for  use  in  the  home.  We  believe 
that  the  spreading  use  of  the  motion  picture  at  home  will  increase  the 
public  interest  in  the  motion  picture  and  will  rouse  the  interest  of 
many  people  who  have  not  up  to  the  present  been  regular  attendants 
at  the  motion  pictures  theaters,  so  that  they  will  follow  the  progress 
of  the  art  and  will  take  a  real  interest  in  the  development  of  pictures 
as  shown  in  the  large  theaters.  Just  as  the  widespread  use  of  photo- 
graphy by  the  amateur  has  been  the  chief  contributing  cause  to  its 
marvelous  development  in  the  last  thirty  years  and  to  its  extension  to 
every  field  of  human  activity,  so  I  believe  the  use  of  the  motion  picture 
by  photographers  throughout  the  world  will  make  possible  develop- 
ments in  the  art  of  the  motion  picture  that  are  at  present  undreamt  of, 
and  that  the  use  of  the  motion  picture  in  schools,  institutions,  and 
homes  has  a  future  to  which  the  Cine  Kodak  and  Kodascope  will 
contribute  in  no  small  degree. 
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DISCUSSION 

Me.  Palmer:  Has  this  camera  the  same  angle  of  view  as  the 
standard  2  inch  lens  gives  on  the  standard  size  film? 

Dr.  Mees:  It  has  the  same  angle  of  view  that  a  2  3^  inch  lens 
would  give. 

Mr.  Egeler:  What  are  the  maximum  picture  sizes  and  projec- 
tion distances  you  think  will  be  used  with  a  home  type  of  projector? 

Dr.  Mees:  Four  feet  six  inches  is  the  largest  screen  we  are 
making  for  home  use.  With  a  special  lamp  house  we  can  go  to  seven 
feet,  and  with  an  arc  to  ten,  but  I  don't  think  anything  beyond  seven 
feet  is  necessary.  This  is  large  enough  for  a  classroom,  which  is 
probably  the  largest  field  for  this. 

There  is  a  point  I  want  to  explain,  perhaps  some  time  we  could 
have  some  discussion  on  it. 

The  motion  picture  as  an  art  is  in  a  peculiar  position.  It  is 
similar  to  literature  but  as  though  it  were  impossible  for  anj^body  to 
write  a  book  until  they  had  persuaded  the  publisher,  whose  interest 
is  financial,  to  take  a  risk  of  $1000  in  printing  it.  From  this  stand- 
point many  authors  would  not  have  got  a  book  published.  For  years 
Stevenson  hawked  his  manuscripts  around  before  he  could  get  a 
book  printed.  So  an  introduction  of  new  ideas  in  the  motion  picture 
is  confined  to  the  group  of  people  doing  it  commercially.  If  we 
place  the  motion  picture  in  the  hands  of  the  amateur,  then,  the 
amateur  having  an  idea  can  make  a  picture  and  get  people  interested 
in  it  so  as  to  induce  them  to  produce  it. 

Mr.  R.  C.  Hubbard:  Do  they  expect  to  make  any  sort  of 
library  of  films  for  the  projectors? 

Dr.  Mees:  Yes.  We  expect  to  supply  library  films  and  no  doubt 
other  people  will  do  it  too.    It  is  an  open  field. 
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A  NEW  SUBSTANDARD  FILM  FOR  AMATEUR  CINE- 
MATOGRAPHY 

By  C.  E.  K.  Mees 

Director  of  Research  and  Development,  Eastman  Kodak 
Company,  Rochester,  N.  Y. 

THE  system  of  amateur  motion  picture  photography  which  has 
been  worked  out  by  the  Eastman  Kodak  Company  is  founded  on 

the  use  of  film  smaller  than  that  used  in  the  standard  camera  and 
on  a  new  process  for  finishing  it,  the  object  being  to  reduce  the  cost  of 
the  finished  picture  to  as  low  a  point  as  possible. 

Since  this  film  will  be  available  on  the  market  as  a  standard  film 
for  use  in  amateur  motion  picture  cameras  and  has  already  been 
adopted  by  a  number  of  designers  for  use  in  cameras  which  will 
shortly  be  available,  it  is  perhaps  desirable  to  describe  it  somewhat 
in  detail.  The  film,  which  is  made  only  on  slow-burning  safety  base, 
is  16  mm.  wide.  Fig.  1  shows  the  dimensions  of  the  film.  The  pic- 
ture is  one  centimeter  by  seven  and  one-half  millimeters,  so  that  the 
area  of  the  picture  is  approximately  one-sixth  that  of  the  standard 
picture.  Five  pictures  on  the  small  film  therefore  occupy  the  same 
length  as  two  pictures  on  the  standard  film,  and  the  film  has  forty 
pictures  to  a  foot,  which  at  standard  rate  last  on  the  screen  two  and 
one-half  seconds.  The  film  is  made  with  perforations  on  each  side 
like  the  standard  film  in  order  to  diminish  the  risk  of  fogging  on  the 
edge  when  used  in  the  camera,  one  perforation  on  each  side  per 
picture  being  sufficient  to  ensure  a  steady  picture  with  a  small  film 
and  having  the  advantage  that  it  is  impossible  to  misframe  a  picture. 

The  film  is  wound  on  a  reel  with  a  leader  and  end  of  perforated 
black  paper  so  that  the  camera  can  be  loaded  in  daylight,  the  film  be- 
ing protected  by  the  paper.  After  the  film  has  been  wound  through 
the  camera,  the  film  is  again  protected  by  the  paper  at  the  end  and 
can  be  removed  from  the  camera  in  daylight. 

It  is  proposed  at  first  to  supply  the  films  in  standard  lengths  of 
100  and  50  feet,  100  feet  of  the  small  film  corresponding  to  250  feet 
of  the  standard  film,  so  that  four  such  spools  of  film  assembled 
together  will  give  a  length  of  400  feet,  corresponding  to  the  standard 
thousand  foot  projection  reel.  The  spool  is  packed  outside  in  special 
removable  metal  cases.    (Fig.  2.) 

The  chief  difficulty  which  is  introduced  when  small  pictures  are 
used  for  motion  picture  work  is  the  graininess  which  such  a  small 
picture  shows  when  it  is  enlarged  upon  the  screen.  A  photographic 
image  of  any  kind  is  composed  of  small  clumps  of  the  microscopic 
silver  grains,  and  when  it  is  very  much  enlarged  these  clumps  show 
and  give  a  structure  to  the  image.    In  Fig.  3  we  see  at  the  left,  at  A, 
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Fig.  1 

a  very  small  image,  and  on  the  right  the  same  image  enlarged  55 
diameters.  It  will  be  seen  that  the  detail  of  the  image  is  entirely  lost 
owing  to  the  graininess  shown.  The  graininess  in  ordinary  motion 
pictures  is  very  slight  but  is  visible  when  the  observer  stands  close 
to  the  screen,  and  it  is  clear  that  if  much  smaller  pictures  are  to  be 
used  on  the  screen  and  enlarged  to  the  same  extent,  the  results  would 
be  greatly  inferior  to  those  obtained  by  the  use  of  standard  apparatus, 
and  that,  unless  something  is  done  to  diminish  the  graininess,  the 
results  would  not  be  satisfactory  in  comparison  with  the  pictures 
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shown  at  the  theaters.  Moreover,  even  when  a  smaller  film  is  used, 
the  cost,  although  diminished,  is  still  high;  a  negative  must  be  devel- 
oped and  a  positive  printed  from  it.  This  printing  requires  very 
skilled  work.  It  is  rare  in  standard  motion  picture  practice  for  the 
first  print  from  a  negative  to  be  entirely  satisfactory,  and  to  get  a 
single  print  of  high  quality  from  every  negative  would  be  very  diffi- 
cult. The  use  of  a  small  film  treated  like  the  regular  film  would, 
therefore,  present  two  difficulties—high  cost  or  low  quality  of  results 
and  the  graininess  of  the  image. 

The  ideal  process  for  amateur  use  would  clearly  be  one  in  which 
the  original  picture  was  available  for  projection  on  to  the  screen.  In 
still  photography  it  is  an  advantage  to  make  negatives,  because 
usually  a  number  of  prints  are  required  from  a  single  picture,  but  in 
motion  picture  work  in  most  cases  an  amateur  is  interested  only  in 
getting  a  single  print,  and  there  are  great  advantages  in  a  process 
which  enables  a  positive  to  be  obtained  by  the  direct  treatment  of  the 
original  exposure.  The  preparation  of  positives  direct  is  well  known 
in  photography.  The  usual  method  is  to  develop  the  exposed  image 
and  then  to  dissolve  out  the  silver  in  a  "bleaching"  bath,  as  it  is 
called,  which  oxidizes  the  silver  and  leaves  the  undeveloped  silver 
bromide  intact.  After  exposure  to  light,  this  remaining  silver  bromide 
is  developed  in  its  turn  and  this  gives  a  positive.  This  process  has 
two  disadvantages:  It  can  give  satisfactory  results  only  through  a 
very  small  range  of  original  exposures  because,  if  the  exposure  is  too 
low,  the  amount  of  silver  halide  undeveloped  is  correspondingly  large, 
and  the  final  image  is  djense,  while  if  the  first  exposure  is  heavy,  there 
is  not  enough  silver  salt  left  to  form  a  satisfactory  image.  It  is  also 
dependent  upon  very  exact  evenness  of  coating.  If  the  coating  is  too 
thick,  then  the  whole  positive  will  be  overlaid  by  a  deposit  of  silver 
which  the  first  exposure  could  not  reach,  and  if  it  is  too  thin,  there  will 
not  be  sufficient  silver  to  give  density  in  the  final  image.  Variations 
in  the  evenness  of  coating  will  show  very  badly  in  the  finished  picture. 

As  the  result  of  a  good  deal  of  research  work  a  new  film  was 
manufactured  by  the  Eastman  Kodak  Company  which,  by  means  of 
a  process  devised  in  our  research  laboratory,  could  be  reversed  in  such 
a  way  as  to  overcome  the  disadvantages  mentioned  above.  This 
process  is  the  subject  of  an  application  for  a  patent,  and  its  exact 
nature  cannot  therefore  be  revealed  at  the  present  time,  but  it  is  now 
possible  to  obtain  first-class  positives  upon  coatings  of  any  thickness 
of  the  special  emulsion,  the  density  not  being  dependent  upon  the 
evenness  of  coating,  while  the  control  over  variations  of  exposure  is 
quite  as  good  as  is  possible  if  a  negative  be  developed  and  the  print 
made  from  it  in  the  ordinary  way.  This  new  film  is  of  lower  sensi- 
tiveness than  our  regular  cine  negative  film,  requiring  about  twice  the 
exposure  given  to  that  film.  Partly  as  result  of  the  special  film  but 
largely  as  result  of  the  reversal  process  itself  these  pictures  were  found 
to  be  astonishingly  free  from  graininess.  Graininess  is  due  to  the 
large  clumps  of  silver  halide  grains  present  in  the  emulsion.  These 
large  clumps  are  more  sensitive  to  light  than  small  or  widely  separated 
grains,  and  therefore  when  a  short  exposure  is  made,  the  large  clumps 
are  the  first  to  become  exposed.    These  are  removed  in  the  reversal 
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process,  and  the  final  image  is  made  up  of  the  grains  of  the  least 
sensitiveness.  Since  these  are  the  smallest  grains  and  the  smallest 
clumps  of  grains,  such  a  direct  positive  image  shows  very  little  graini- 
ness.    In  Fig.  4  there  is  shown  at  the  left  an  enlargement  from 


Fig.  4 

a  standard  motion  picture  print,  and  on  the  right  the  same  scene 
taken  on  the  small  film  and  enlarged  until  it  is  the  same  size  as  the 
picture  taken  on  the  standard  film.  It  will  be  seen  that  the  small 
film  is  so  free  from  graininess  that  a  picture  of  the  same  size  shows 
little  more  graininess  than  if  it  had  been  made  by  the  standard 
process. 

The  development  of  the  film  is  quite  a  complicated  process  and 
requires  special  equipment  since  the  film  has  to  go  through  a  great 
number  of  treatments  compared  with  the  simple  processes  of  develop- 
ing and  fixing,  and  for  this  reason  it  has  been  decided  that  for  the 
present,  at  any  rate,  the  Kodak  Company  should  undertake  this 
work  itself,  and  equipment  is  being  installed  which  will  make  it 
possible  to  finish  all  the  film  that  can  be  taken  with  the  cameras  in 
use. 

Naturally,  many  amateurs  will  wish  to  have  more  than  one 
print  for  some  special  reason,  and  this  is  provided  for  by  the  Use  of  a 
special  printer  in  which  a  positive  can  be  duplicated,  the  duplicate 
being  reversed  into  a  positive  in  the  same  way  as  the  original  picture. 
In  this  way,  it  is  possible  to  obtain  duplicates  at  the  same  cost  as 
the  original  picture,  and  though  this  is  somewhat  higher  than  the 
cost  of  making  prints  from  an  ordinary  negative,  there  is  no  question 
that  the  use  of  the  reversal  process  will  greatly  cheapen  the  produc- 
tion of  motion  pictures  by  amateurs.  The  small  pictures  can  be 
enlarged  in  special  printers  to  make  pictures  of  the  standard  size 
required  for  theaters.  This  will  no  doubt  not  be  required  very  often, 
but  what  will  be  done  to  a  very  large  extent  is  that  the  pictures  of 
standard  size  will  be  reduced  to  make  the  small  prints  suitable  for 
projection  in  small  projectors. 
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DISCUSSION 

Mr.  Mitchell:  Have  you  done  any  definite  research  work  on 
how  long  the  print  is  going  to  last ;  how  many  times  it  will  go  through 
the  projector,  so  that  a  man  may  gauge  if  additional  prints  are 
necessary? 

Dr.  Mees:  This  depends  on  the  design  of  the  projector.  In 
those  which  we  tested,  the  life  of  the  small  film  on  acetate  base  is 
about  the  same  as  that  on  nitrate  in  a  good  standard  projector. 

Mr.  McNabb:  Can  you  enlarge  to  standard  size  from  16  mm. 
without  showing  any  more  grain? 

Dr.  Mees:   I  showed  you  the  two  enlarged  to  the  same  size. 

Mr.  McNabb:  Have  you  made  any  projection  of  the  standard 
enlarged  from  a  small  picture? 

Dr.  Mees:  No,  but  I  am  sure  we  can  do  it. 

Dr.  Story:  Of  course,  those  two  prints  were  not  enlarged 
sufficiently  to  show  the  grain  in  either.    Have  you  done  this? 

Dr.  Mees:  Yes.  It  is  approximately  in  proportion  to  the 
linear  diameter. 

Mr.  Richardson:  Do  I  understand  you  are  going  to  put  out 
a  camera  for  this  film? 

Dr.  Mees:  Yes — that  is  the  subject  of  the  next  paper. 

Mr.  Theiss:   How  about  the  permanency  of  the  image? 

Dr.  Mees:  It  is  an  ordinary  silver  image,  about  the  same  as 
the  ordinary. 

Mr.  Davidson:  Would  the  graininess  in  the  negative  made 
direct  of  16  mm.  film  be  more  or  less  than  that  reduced  from  35  mm. 
in  a  print? 

Dr.  Mees:  No.  The  graininess  of  the  small  print  is  reduced 
proportionately  so  that  the  graininess  is  about  the  same  as  in  a 
direct  reversal  positive. 

Dr.  H.  P.  Gage:  It  would  seem  to  me  that  the  possibility  of 
having  a  small  camera,  that  presumably  would  be  in  the  hands  of  a 
large  number  of  amateurs,  might  be  of  the  greatest  importance  in 
the  field  of  news  photography,  providing  the  pictures  can  be  en- 
larged to  the  standard  size  when  desired.  In  many  cases  the  interest 
in  the  subject  would  more  than  counterbalance  any  lack  of  the  photo- 
graphic perfection.  If  many  amateurs  have  these  cameras,  we  might 
stand  a  chance  of  getting  interesting  news  pictures  of  things  of 
national  importance  which  might  not  otherwise  be  obtained. 

Mr.  Rose:  Do  they  intend  to  make  this  film  as  usual  negative 
and  positive  stocks  on  16  mm.  width? 

Dr.  Mees:  It  is  not  our  intention  to  make  16  mm.  negative 
film;  there  is  no  object  in  it.  If  anybody  wants  it,  the  Kodak  Com- 
pany will  supply  it,  but  we  don't  propose  to  put  it  on  the  market 
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unless  there  is  a  demand  for  it.  The  positive  will  be  available  for 
making  prints. 

With  regard  to  Dr.  Gage's  remarks.  I  am  not  certain  as  to 
how  far  news  photography  of  that  sort  will  come  in,  because  it  will 
take  time  to  get  that  enlarged  print.  Of  course,  if  the  demand 
became  general,  enlarging  printers  would  become  available.  Gen- 
erally, the  essence  of  news  is  speed;  I  am  not  worried  about  quality. 
The  quality  of  news  films  is  not  generally  so  high  that  I  think  it  will 
be  difficult  to  attain  to  it. 

Me.  R.  C.  Hubbard:  How  long  will  it  take  to  obtain  the 
finished  product  after  sending  in  the  negative. 

Dr.  Mees:  This  will  depend  on  the  service  we  are  able  to 
give.  At  the  beginning  we  have  Rochester  only  as  the  service 
station.  We  are  proposing  to  give  24-hour  service  at  Rochester 
itself. 
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THE  SPIROGRAPH 

By  Charles  Urban 

THE  Spirograph  is  a  motion  picture  projector  employing  a  disc 
film  for  the  inexpensive  production  of  moving  pictures  in  minia- 
ture, in  the  home,  school,  office  or  elsewhere,  wherever  cost  of 
reproduction  is  of  primary  importance  and  is  manufactured  by  the 
Urban  Motion  Picture  Industries. 

The  Spirograph  principle  follows  the  well  known  procedure  of 
motion  picture  projection,  with  one  exception,  that  is,  the  employ- 
ment of  a  disc  instead  of  the  usual  ribbon  film,  such  disc  bearing  the 
consecutive  pictures  arranged  in  spiral  order  commencing  at  the 
periphery  and  terminating  toward  the  center,  hence  the  appelation 
"SPIROGRAPH." 


Fig.  1.    The  Spirograph  Showing  Film  Record  in  Position  for  Projection 

The  Spirograph  disc  is  lO}^"  in  diameter,  the  base  is  Eastman 
Safety  Film,  bearing  the  emulsion  on  one  side  and  plain  gelatine  on 
the  reverse,  thus  insuring  flatness  by  equalizing  the  gelatine  stresses 
on  drying.  The  pictures  measure  7/32//x5/32//  giving  a  ratio  of 
area  reduction  of  as  22  approx.  is  to  1.  The  disc  contains  a  total  of 
1200  exposures,  which  is  the  equivalent  of  75'  of  regular  film  bearing 
16  pictures  to  the  foot.  As  it  is  possible  to  stop  the  machine  at  any 
period  of  projection  any  number  of  titles  can  be  inserted  in  the 
subject,  one  exposure  or  frame,  sufficing  for  one  title  instead  of  the 
usual  repetition  titles;  this  permits  practically  the  whole  of  the  disc 
surface  to  be  used  for  pictures.  The  pictures  on  the  disc  are  arranged 
in  regular  order,  with  12  spirals  each  containing  100  exposures,  the 
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12  spirals  are  continued  as  one  so  that  as  the  center  of  the  disc  is 
reached,  the  pictures  are  brought  closer  together,  so  maintaining 
regular  radii. 

The  disc  has  100  perforations  along  its  periphery,  which,  with 
a  cam  operated  intermittently  moving  pin,  is  the  means  employed  to 
intermittently  rotate  the  disc  upon  its  center.  The  disc  center  is 
mounted  upon  a  disc  carriage  which  with  suitable  mechanism  travels 
either  to  or  from  the  lens,  so  that  the  disc  has  two  movements  given 
it,  it  is  made  to  revolve  intermittently  at  the  rate  of  16  impulses  per 
second  also  to  travel  through  the  projecting  beam  in  synchronism 
with  the  spiral  track  of  pictures.  The  disc  carriage  mechanism  is 
provided  with  an  automatic  releasing  device,  set  to  release  the  carriage 


Fig.  2.    Cover  Plate  Removed,  Showing  the  Relation  of  Mechanical  Parts 

mechanism  the  moment  either  end  of  the  spiral  is  reached;  this  pre- 
vents damage,  should  the  handle  or  crank  be  turned  continuously. 
It  will  be  noted  that  the  100  holes  on  the  periphery  of  the  disc  are 
elongated,  this  is  to  compensate  for  contraction  of  the  disc  after 
printing  operations,  the  intermittent  pin  engaging  these  holes  is 
circular  in  section  and  is  a  free  fit  to  the  sides  of  the  elongated  holes. 

The  disc  is  secured  by  a  disc  pin  passing  through  its  center  and 
engaging  in  the  disc  carriage;  this  disc  pin  is  provided  with  a  double 
clutch,  one  action  locking  the  pin  in  position,  the  second  action 
releasing  it. 

The  illuminant  is  provided  by  a  specially  designed  focus  lamp 
taking  4  amperes  at  6  volts,  such  a  lamp  gives  a  satisfactory  picture 
of  3  feet  across  at  a  projection  of  approx.  25  feet.  The  condenser  is  a 
single  lens  with  the  lamp  side  spherical  and  the  lens  side  parabolic. 
No  reflector  is  used.  The  projecting  lens  is  also  specially  designed  and 
is  used  for  all  distances.  The  heat  given  off  by  a  24  watt  lamp  such 
as  above  is  not  sufficient  to  burn  the  film  when  the  machine  is  at 
rest,  which  permits  the  picture  to  be  held  on  screen  and  viewed  as  an 
ordinary  slide. 

The  24  watt  lamp  can  be  used  direct  from  the  secondary  of  a 
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suitable  static  transformer,  direct  from  a  6  volt  storage  battery,  or 
any  direct  current  voltage  by  connecting  in  series  a  suitable  rheostat. 

For  table  demonstration,  a  smaller  focus  lamp  taking  1  ampere 
at  6  volts  is  used,  in  conjunction  with  a  dry  cell  ever-ready  battery 
concealed  in  the  base  of  the  Spirograph  Projector;  this  dispenses  with 
all  wires  and  outside  supply  of  electricity.  The  6  watt  lamp  can  also 
be  lighted  similarly  to  the  24  watt  lamp. 

Where  it  is  desirable  to  view  the  discs  in  daylight,  the  machine 
can  be  inverted  (the  lamps  having  been  removed)  so  forming  an  ani- 


Fig.  3.     The  Spirograph  Equipped  with  Dry  Batteries 


mated  microscope  which  permits  one  spectator  to  see  the  pictures 
in  the  daylight  or  any  reflected  light. 

The  Spirograph  disc  is  not  printed  from  a  direct  negative,  neither 
is  it  sought  to  obtain  Spirograph  negatives  direct  in  any  form  of 
camera.  This  is  not  considered  practical,  by  reason  of  photographic 
grain  trouble  arising  in  the  direct  negative,  as  the  Spirograph  picture 
area  is  1/22  that  of  the  ordinary  film,  it  follows  that  the  grain  which 
is  always  present  in  the  usual  negative  film,  will  be  22  times  as  much 
in  evidence. 

To  produce  a  Spirograph  positive,  or  disc,  the  following  pro- 
cedure is  employed: 

1 .  An  ordinary  motion  picture  negative  is  made  in  the  usual  way, 
or  any  subject  may  be  selected  from  existing  negatives. 

2.  An  ordinary  motion  picture  positive  is  then  printed  in  the 
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usual  way  from  the  above  negative.    This  print  should  be  black  and 
white,  not  toned  or  tinted. 

3.  The  motion  picture  positive  film  is  placed  in  an  ordinary  pro- 
jector, such  projector  being  part  of  a  specially  constructed  apparatus, 
bearing  an  intermittently  rotated  photographic  glass  plate  having  a 
very  fine  emulsion,  the  plate  being  so  actuated  by  spiral  generating 
mechanism  that  the  exposures  are  made  in  sequence  in  the  form  of  a 
true  spiral,  therefore,  each  individual  exposure  will  be  nearer  the 
center  than  its  predecessor  by  1/ 100th  times  its  own  diameter,  there 
being  100  exposures  to  every  revolution  of  the  spiral.    Upon  eomple- 
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Fig.  4.    Lamp  House  Unit  and  Transformer  for  Operation  from  Lighting  Circuit 

tion  of  the  exposing,  the  plate  is  specially  developed  (ordinary  develop- 
ment will  not  answer)  and  when  dried  is  ready  for  the  next  stage. 

4.  The  Spirograph  negative  so  obtained  is  termed  the  "Master 
Negative,"  this  negative  is  placed  in  a  suitable  apparatus  arranged  for 
printing  by  contact,  the  printing  light  or  time  of  exposure  being 
automatically  regulated  by  a  motor  controlled  device.  This  method 
permits  the  printing  of  the  whole  1200  pictures  at  one  time  or  two 
seconds.  It  is  assumed  that  all  photographic  errors  or  inequalities 
that  may  be  present  in  the  original  motion  picture  negative  film  are 
corrected  in  the  printing  of  the  motion  picture  positive. 

The  printed  Spirograph  positive  is  then  developed  and  dried  as 
usual. 

5.  The  film  material  from  which  the  disc  is  obtained  is  supplied 
in  square  form,  lO^'xlOJ^",  the  corners  permit  handling  and  are 
also  used  to  bear  the  registration  holes  for  centering  the  disc  true  to 
the  negative  center.  The  square  positive  film  when  dried  may  be 
toned  or  tinted  and  when  finally  dried,  is  cut  into  a  circle  by  a  suitable 
punch  press. 

6.  The  circular  film  is  now  transferred  to  the  Spirograph  per- 
forating machine,  where  it  receives  the  100  elongated  holes  along  its 
periphery;  the  disc  is  then  ready  for  projection. 
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DISCUSSION 

Mr.  Richardson:  I  should  like  to  see  one  of  the  machines 
in  New  York;  is  that  possible? 

Mr.  Rose:  They  are  in  Davenport  now — probably  near  com- 
pletion. 

Mr.  Cook:  It  is  a  great  misfortune  that  the  slides  did  not 
arrive  because  I  am  sure  everybody  joins  me  in  being  curious  to 
see  the  product.  For  the  benefit  of  myself  and  others,  I  should 
like  to  ask  about  the  weight. 

Mr.  Rose:  The  camera  weighs  three  and  a  half  pounds  in  its 
completed  form.  It  is  about  one  inch  narrower  and  about  one 
inch  shorter  than  the  Eastman  camera  and  takes  the  standard 
hundred  foot  spool. 

Dr.  Mees:  I  don't  see  how  you  can  take  off  an  inch. 

Mr.  Rose:  He  is  using  the  cross  loop. 

Dr.  Mees:  I  don't  understand  the  answer. 

Mr.  Rose:  He  is  using  the  cross  loop.  The  projector  weighs 
eight  and  a  half  pounds  in  its  present  form,  which  I  think  is  final, 
exclusive  of  the  motor.  The  nature  of  the  movement  is  a  claw  of  a 
distinctly  new  form — quite   surprising  to   some   of  you,    I   know. 

Mr.  McNabb:  Have  you  any  data  relative  to  the  lens  specifica- 
tions? 

Mr.  Rose:  No  final  decision  as  to  the  light  source  and  lens 
for  the  projector  has  been  made.  It  is  proposed  to  supply  a  1.75 
inch  focal  length  lens  and  another  of  2.5  or  3.0  inches.  The  camera 
uses  a  4.5  anastigmat  lens  having  a  focal  length  of  one  inch.  No 
focusing  mechanism  is  provided. 
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THE  MOTION  PICTURE  A  PRACTICAL  FEATURE  OF  THE 

HOME 

By  A.  F.  Victor 

AN  INVENTOR  is  very  much  like  a  conjuror.  From  the  recesses 
of  his  mind,  he  brings  forth  the  bright  bauble  and  the  practical 
utility  with  the  smiling  intent  to  please  his  public. 

However,  the  rub  comes  when  the  public  demands  that  its  bright 
baubles  be  practical — and  its  utilities  glittering.  The  insistence  of 
that  demand  turns  inventors  gray — and  sometimes  deaf. 

The  motion  picture  is  the  most  glittering,  fascinating  toy  of  the 
century.  And  in  proportion  to  its  allurements,  has  been  the  demand 
that  it  be  made  practical  for  the  use  of  everyone.  To  that  end,  every 
branch  of  the  industry  has  been  struggling.  Privately  owned  picture 
equipment  seemed  as  feasible  as  privately  owned  motor  cars  or  phono- 
graphs. Excellent  cameras  and  splendid  projectors  were  produced 
for  the  home  user  at  prices  well  within  the  market  demand — but 
always  their  use  has  been  curtained  by  the  prohibitive  cost  of  the 
film.  Motor  cars  would  not  be  in  general  use  today  if  the  cost  of  a 
tank  full  of  gasoline  were  about  equal  to  the  original  cost  of  the  car! 

And  yet  that  has  been  about  the  existing  condition  in  the  home 
cinema  field.  A  film  of  fair  projection  length  has  been  about  as 
costly  as  the  machine  employing  it. 

Many  attempts  have  been  made  to  satisfactorily  overcome  this 
difficulty.  With  this  intent,  the  writer,  in  1911  placed  on  the  market 
the  Victor  Animatograph — a  projector  employing  a  circular  disk 
film  having  pictures  spirally  arranged,  similar  to  the  track  of  the 
phonograph  record.  The  film  cost  was  brought  to  a  very  low  figure — 
but  the  projection  length  was  inadequate  to  meet  the  public  demand. 

We  followed  this  model  with  other  and  varied  types  of  home  pro- 
jectors which  were  more  or  less  successful.  From  my  years  of  experi- 
ence in  the  field,  I  give  as  my  opinion  that  the  only  real  problem  in 
the  market  is  that  of  costly  film. 

People  of  even  quite  moderate  means  will  pay  the  necessary 
price  for  good  apparatus.  The  quantity  of  high  priced  still  cameras 
sold  proves  the  point.  But,  if  the  negatives  employed  by  the  latter 
were  as  costly  as  the  camera  itself — there  would  be  little,  if  any,  such 
equipment  sold. 

To  my  belief,  this  long  standing  obstacle  has  been  overcome  by 
the  ingenious  reversal  film  recently  discovered  and  which  eliminates 
the  necessity  of  printing  a  positive. 

Many  attempts  have  been  made  to  secure  a  home  market  for 
motion  picture  cameras  and  projectors  using  varying  widths  of 
film,  all  based  upon  the  saving  obtained  by  making  the  film  as  narrow 
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as  possible.  None  of  these  have  succeeded  in  creating  a  real  market 
for  cameras,  while  several  have  succeeded  in  creating  a  real  market  for 
projectors.  The  reason  for  the  difference  is  due  to  the  cost  of  making 
a  negative  plus  a  positive  in  the  first  instance,  and  the  fairly  low 
prices  at  which  reels  were  RENTED  in  the  second. 

The  reversal  process  has  lowered  the  cost  of  picture  making  to  a 
point  never  before  considered  possible.  At  such  a  low  cost  it  is  almost 
certain  that  motion  picture  cameras  and  projectors  may  become  as 
universal  as  still  hand  cameras. 

Realizing  the  opportunity  offered  to  initiative,  the  writer  has 
produced  what  appears  to  be  the  simplest  camera  and  projector  ever 
designed  to  satisfactorily  take  and  show  motion  pictures. 

These  two  devices  are  shown  in  the  accompanying  illustrations. 
The  Camera  contains  less  than  forty  parts, — the  projector  less  than 
fifty. 

The  paradox  of  an  inventor's  endeavor  is  to  produce  one  blade  of 
grass  where  two  grew  before.  Whether  the  new  Victor  Sixteen  Milli- 
meter Camera  and  Projector  have  reduced  the  number  of  parts 
necessary  to  perform  the  functions  upon  which  perfect  results  de- 
pend to  the  irreducible  minimum,  remains  to  be  seen.  As  the 
inventor,  I  hope  so.  Otherwise  I  shall  be  compelled  to  enter  the  race 
once  more  to  lower  the  record. 

As  to  the  sixteen  millimeter  film.  As  a  manufacturer  I  welcome 
it,  serving  as  it  does  a  new  born  opportunity.  As  an  inventor  it 
intrigues  me  with  its  latent  possibilities. 

Having  sponsored  the  "Safety  Standard,"  I  do  not  hesitate  to 
urge  upon  the  Society  the  wisdom  of  also  creating  another  one. 
The  Theatre  Film  with  its  35  millimeters  upon  which  to  impress  the 
necessary  beauty  and  detail,  required  to  cover  screen  surfaces  as 
large  as  twenty-four  or  more  feet  in  width,  the  Safety  Standard,  28 
millimeters  in  width,  with  an  area  large  enough  to  furnish  twelve  to 
sixteen  foot  pictures,  and  now  the  16  millimeter  Film  for  homes. 
Each  perfect  in  its  allotted  field.  Each  one  admirably  adapted  for  a 
particular  purpose,  allowing  sufficient  range  to  obviate  the  necessity 
of  arbitrary  dimensions  rendering  interchangeability  impossible. 

It  will  be  interesting  to  see  what  projection  perfection  is  devel- 
oped from  the  sixteen  millimeter  film.  Will  ten  or  twelve  foot  pic- 
tures be  achieved?  If  so,  then  the  school,  the  auditorium  and  the 
commercial  field  will  be  invaded.  An  interesting  challenge  to  the 
engineer!    My  hat's  in  the  ring! 

For  the  user,  the  new  film  is  the  "Open  Sesame"  to  the  magic 
world  of  motion  portraiture;  to  the  manufacturer,  it  is  the  key  to  a 
splendid  market  place. 
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DESCRIPTION  TO  ACCOMPANY  DEMONSTRATION  OF 
PATHESCOPE 

By  Willaed  B.  Cook 

THE  New  Premier  Pathescope  as  exhibited  and  demonstrated,  is 
submitted    as    a   highly   developed   motion   picture   projector, 

embodying  some  ten  years  of  experience  in  the  portable  pro- 
jector field,  all  with  the  28  mm.  size  of  film  and  dating  back  to  the 
origination  of  that  size  of  film  and  corresponding  projector  by  the 
French  firm  of  Pathe  Freres  about  1912. 

The  particular  unique  feature  in  this  projector  is  the  use  of  a 
patented  Geneva  Movement,  using  a  Star  with  an  eccentric  slot 
instead  of  the  ordinary  Star  with  the  radial  slot  employed  by  all  other 
manufacturers  of  projection  apparatus.  The  particular  advantage  of 
the  eccentric  Star  is  that  it  permits  the  use  of  a  60  degree  Cam  action 
and  yet  starts  the  film  travel  from  the  period  of  rest  with  zero  velocity 
and  very  slow  acceleration  during  the  first  part  of  the  film  movement. 
The  ordinary  Geneva  Intermittent  Movement  employing  a  Cam  with 
a  radially  slotted  star  requires  a  90  degree  Cam  action,  if  the  film  is  to 
be  started  from  the  rest  period  without  a  sudden  jerk.  Also  on 
account  of  its  relatively  slow  movement  of  the  film,  the  ordinary 
Geneva  Movement  requires  a  travel  or  intercepting  blade  on  the 
shutter  of  between  80  and  90  degrees  width.  On  the  other  hand,  the 
eccentric  Star  Movement  requires  a  travel  or  intercepting  blade  of 
only  55  degrees,  even  with  a  large  light  source,  and  if  used  with  a  small 
lamp  filament  can  even  be  used  with  a  shutter  of  only  45  degree  blade. 
This  in  turn  enables  the  shutter  to  be  made  of  three  equal  blades  spaced 
at  equal  intervals,  which  is  the  condition  of  minimum  flicker.  This 
condition  of  minimum  flicker  is  of  great  value  in  the  projection  of 
motion  pictures  at  or  less  than  normal  speed,  as  is  frequently  desired 
in  Educational  and  other  fields  where  an  analysis  of  the  movement 
illustrated  in  an  ordinary  motion  picture  film  is  frequently  desirable. 

Besides  being  practically  flickerless  at  normal  speed,  the  balanced 
shutter  used  with  this  projector  passes  from  55  to  62^  per  cent,  of  the 
continuous  beam  issuing  from  the  projection  lens,  whereas  most 
projectors,  unless  used  with  shutters  having  perforated  blades,  pass 
from  40  to  45  per  cent,  of  the  continuous  light  beams. 

The  shutter  that  is  used  on  this  machine  has  three  equal  blades 
of  55°,  with  equally  spaced  openings  of  65°.  It  is  the  simplest  of 
shutters  to  time,  requiring  no  other  tools  than  the  bare  hands. 
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REPORT  OF  COMMITTEE  ON  ELECTRICAL  DEVICES 

YOUR  Committee  has  spent  considerable  time  and  thought  during 
the  past  two  years  trying  to  arrive  at  an  understanding  as  to  the 

desirability  of  standardization  of  motor  generator  and  converter 
ratings  for  arc  projection. 

We  have  found  in  the  first  place  that  there  is  a  wide  difference  of 
opinion  among  the  membership  as  to  the  desirability  of  doing  any- 
thing at  present  towards  such  standardization.  There  is  a  difference 
of  opinion  as  to  the  range  of  capacities  to  be  considered  and  there  is 
considerable  uncertainty  as  to  the  field  covered  by  the  arc  inasmuch 
as  the  incandescent  lamp  is  now  being  used  in  its  place  to  an  extent, 
and  there  is  some  possibility  of  the  coming  of  the  reflector  type  of 
arc  such  as  is  used  extensively  in  Europe. 

While  the  Committee  is  convinced  that  it  is  unwise  to  delay 
action  in  matters  pertaining  to  standardization  until  progress  has 
ceased  and  the  ultimate  has  been  reached,  especially  in  an  art  where 
the  ultimate  may  be  many  years  ahead,  nevertheless  it  has  deemed  it 
imprudent  to  recommend  any  definite  action  at  a  time  when  impor- 
tant changes  affecting  such  standards  are  in  progress  or  are  imminent. 

We  believe  that  a  brief  resume  of  the  situation  today  would  be  of 
interest  and  will  possibly  convey  to  the  membership  of  the  Society  a 
better  understanding  of  the  conditions. 

The  arc  lamp  is,  of  course,  the  time  honored  source  of  light  for 
motion  picture  projection  and  is  used  generally  in  capacity  of  from  35 
to  125  amperes. 

Some  years  ago  the  incandescent  lamp  was  developed  to  the 
point  where  it  too  entered  the  field.  Today  the  standard  lamp  for 
such  work  is  the  900  watt,  30  ampere  unit.  It  has  been  very  difficult 
to  get  accurate  figures  on  the  relative  light  efficiency  of  the  carbon  arc 
and  the  tungsten  lamp.  From  various  sources  equivalents  of  from 
25  to  50  amperes  are  named  as  being  equal  to  the  30  ampere  tungsten. 
Taking  what  might  be  called  the  average  of  the.  above  together  with 
the  reports  of  operators,  exhibitors,  and  of  practical  engineers,  35 
amperes  on  the  standard  type  direct  current  arc  are  practically  equiv- 
alent to  the  tungsten  lamp  operating  on  a  metallic  screen  with  about 
a  9  x  12  picture. 

Losing  then  for  the  sake  of  comparison  this  35  ampere  arc  on 
direct  current,  the  cost  of  such  current,  assuming  a  motor  generator 
set  operating  at  approximately  60%  efficiency  being  used  to  properly 
reduce  the  voltage,  and  figuring  current  at  4c,  would  be  12.8c.  The 
cost  of  the  carbon  consumed  per  hour  would  be  approximately  6c 
assuming  that  about  two-thirds  of  the  total  carbon  length  is  used. 
This  makes  a  total  cost  of  18.8c  per  hour. 

With  incandescent  lamp  operating  on  an  A.  C.  source  of  current 
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the  conversion  loss  in  the  transformer  would  be  approximately  10%, 
hence  the  cost  of  a  900  watt  lamp  would  be  4c  per  hour  and  together 
with  a  replacement  cost  of  5J^c  per  hour,  the  total  cost  would  be  9J/2C- 

With  the  reflector  arc  the  current  equivalent  to  35  amperes 
would  be  approximately  10  amperes,  of  which  the  cost  would  be 
approximately  6.7c  per  hour  figuring  it  as  before.  The  cost  of  carbons 
under  these  circumstances  is  estimated  at  approximately  half  the 
cost  of  the  standard  arc  or  3c  per  hour,  hence  the  total  cost  would  be 
close  to  6.7c  per  hour. 

The  ratio  of  10  amperes  to  35  is  not  entirely  dependent  upon  the 
data  submitted  by  the  manufacturer,  as  such  a  lamp  of  American 
manufacture  was  tested  this  past  winter  at  Cleveland  in  comparison 
with  the  standard  arc  and  with  all  the  doubts  of  close  observation  in 
favor  of  the  latter,  the  result  showed  a  ratio  of  2J^  to  one.  This  lamp 
was  equipped  with  a  mirror  of  about  105  degrees  enclosure  and  used 
the  standard  miniature  carbons  and  not  the  special  carbons  designed 
for  this  purpose,  which  are  being  used  in  Europe. 

One  of  the  European  manufacturers,  a  German,  shows  a  mirror 
subtending  135  degrees  at  the  arc.  The  light  is  carried  through  a 
condenser  and  with  this  combination  it  is  claimed  that  13  amperes 
will  equal  100  amperes  in  the  standard  arc.  In  this  lamp  the  positive 
carbon  faces  the  reflector  while  the  negative  feeds  in  from  below  to  an 
angle  slightly  greater  than  90  degrees. 

Another  model,  a  French,  carries  the  negative  carbon  through  a 
hole  in  the  center  of  the  mirror.    The  American  lamp  tested  was  of  this 

The  high  intensity  arc,  as  already  stated,  is  not  made  in  sizes 
which  could  be  compared  with  the  above,  but  is  used  only  in  compe- 
tition with  75  to  125  ampere  arcs  and  for  equal  ampere  consumption 
has  a  ratio  of  about  two  or  two  and  one-half  to  one  as  compared  with 
the  standard  arc  for  equal  illumination. 

Within  the  past  year,  a  very  convenient  device  has  been  added  to 
the  incandescent  lamp  equipment,  which  makes  it  possible  to  get  the 
correct  location  of  the  filament  in  the  lamp  house  as  soon  as  it  is 
inserted,  diminishing  the  possibility  of  poor  screen  illumination  until 
corrected.  The  device  consists  of  a  cage  into  which  the  lamp  and 
socket  are  inserted.  The  lamp  has  a  universal  movement  in  its 
socket  and  when  the  center  of  the  filament  has  been  placed  in  its 
proper  position,  as  viewed  through  apertures  in  the  fixture,  it  is  locked 
and  is  now  ready  to  be  slipped  into  the  lamp  house. 

A  transformer  has  also  been  placed  on  the  market  to  operate  on 
commercial  voltages  and  frequencies.  It  has  an  ammeter  with  a 
suppressed  zero  showing  readings  of  only  about  five  points  and  with  a 
lever  for  hand  regulation,  making  it  very  convenient  for  the  operator 
to  maintain  his  amperes  at  30  in  spite  of  line  voltage  variation.  For 
use  on  direct  current  circuits  a  motor  generator  set  to  operate  in 
conjunction  with  the  above  described  transformer  is  also  being 
furnished. 

John  H.  Hertner, 
Chairman,  Electrical  Devices  Committee. 
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REPORT  OF  THE  COMMITTEE  ON  FILMS  AND  EMULSIONS 

Emulsions 

NO  EMULSIONS  having   properties  essentially  different  from 
those  now  existing  have  appeared. 

Manufacturers  are  making  every  effect  to  increase  the  speed 
of  their  negative  panchromatic  emulsion.  Emulsions  during  the  past 
year  have  been  far  superior  to  those  of  any  previous  year. 

Wear  and  Tear  on  Life  of  Film 

Manufacturers  are  making  every  effort  to  produce  film  having 
better  wearing  qualities.  Short  life  of  film  is  a  result  either  of  absence 
of  moisture  in  the  film  or  of  maltreatment,  either  chemical  or  me- 
chanical. The  moisture  content  of  film  should  be  such  as  exists  when 
film  is  in  equilibrium  with  an  atmosphere  of  70%  relative  humidity. 
Treatment  of  the  film  with  glycerine  in  the  laboratory  is  a  great  help 
in  keeping  the  film  moist. 

Mechanical  maltreatment  is  usually  of  the  nature  of  corner 
fractures  of  the  sprocket  holes.  If  the  corner  of  a  sprocket  hole 
becomes  fractured  or  torn,  if  even  very  slightly,  the  strength  of  the 
film  is  very  much  weakened  and  the  life  is  shortened  in  due  propor- 
tion. This  maltreatment  often  occurs  during  printing  as  a  result  of 
non-alignment  of  sprockets,  imperfect  or  rough  sprocket  teeth,  or 
incorrect  timing  of  the  printer.  Ultra-rapid  projection  in  the  inspec- 
tion room  of  the  laboratory  invariably  results  in  corner  fractures. 

It  is  the  duty  of  every  laboratory  to  carefully  inspect  the  perfora- 
tions of  the  film,  if  necessary  under  a  microscope,  in  order  to  ensure 
that  the  perforations  are  perfect  before  the  film  leaves  the  laboratory. 

Desensitizing 

A  great  deal  of  research  work  has  been  done  in  connection  with 
emulsion  desensitizers.  These  chemicals  have  the  property  of 
diminishing  the  sensitiveness  of  any  emulsion  after  exposure  without 
destroying  the  latent  image. 

Phenosaf ranine  was  the  first  desensitizer  which  came  into  promi- 
nence but  this  has  the  disadvantage  that  it  stains  the  emulsion  and 
it  is  almost  impossible  to  remove  this  stain. 

Recently  the  desensitizer  Pinakryptol  Green  has  been  put  on  the 
market  and  this  is  quite  as  effective  as  Phenosafranine  and  does  not 
stain  the  emulsion.  Investigation  indicates  that  this  material  shows 
promises  for  use  in  developing  motion  picture  film.  With  an  MQ 
developer,  adding  1  part  of  Pinakryptol  Green  per  25,000  parts  of 
developer,  after  development  has  proceeded  for  1  minute  it  is  possible 
to  inspect  negative  film  with  a  Series  00  safelight.    The  film  may  be 
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previously  bathed  in  a  1 :5000  solution  of  desensitizer  before  develop- 
ment, using  the  regular  developer  and  this  procedure  is  advisable 
for  those  plants  where  the  film  is  soaked  previous  to  development, 
the  desensitizer  bath  taking  the  place  of  the  "water  soak." 

Hyper  sensitizing 

Increasing  the  speed  of  Panchromatic  film  by  bathing  in  a 
solution  of  ammonia  with  or  without  the  addition  of  other  ingredients, 
is  becoming  common  practice  and  the  speed  of  the  film  can  be  in- 
creased from  two  to  three  times  that  of  the  unbathed  film.  Mon- 
pillard,  Bull.  Sec.  Fran.,  April  22,  p.  90,  advises  the  addition  of  the 
silver  chloride  and  other  silver  salts,  to  the  ammonia  solution,  while 
Burka,  J.  Frank.  Inst.,  1920,  p.  25,  uses  a  solution  of  ammonia  in  a 
mixture  of  water  and  alcohol.  The  safest  procedure  appears  to  be  to 
bathe  for  two  or  three  minutes  in  an  0.5  solution  of  ammonia  at  a 
temperature  as  near  40°  F.  as  possible  and  then  dry  quickly  at  a 
low  temperature. 

Printing  Machines 

Manufacturers  of  these  machines  are  working  on  methods  of 
controlling  exposure  mechanically  by  means  of  diaphragms  and 
variable  aperture  plates  instead  of  controlling  the  light  intensity  of  the 
lamp  by  rheostats. 

Lawley  of  England  controls  the  light  changes  in  the  printer  by 
inserting  two  metal  staples  between  the  film  perforations  on  opposite 
sides  of  the  film,  the  first  staple  or  key  staple  actuating  the  light 
change  mechanism,  while  the  distance  between  the  two  staples 
determines  the  intensitj^  of  the  printing  light.  Other  workers  attain 
the  same  end  by  blocking  out  perforations  by  cementing  small 
pieces  of  celluloid  over  the  perforations  and  utilizing  the  blocked  out 
perforations  to  tip  up  a  sprocket  and  thus  actuate  the  light  change 
mechanism. 

Sensitometers  for  "timing  negatives"  such  as  the  one  described 
by  Jones  &  Crabtree  in  the  Society  of  Motion  Picture  Engineers, 
Vol.  15,  are  being  freely  adopted,  especially  on  the  Pacific  coast. 

Standardizing  of  Printing  Light 

A  standard  printing  light  for  all  laboratories  would  be  desirable  so 
as  to  eliminate  the  re-timing  of  a  negative  when  successive  prints  are 
made  in  different  laboratories.  As  long  as  printing  lamp  intensities 
are  controlled  by  means  of  a  variable  resistance  it  is  doubtful  if  such 
an  object  can  be  attained  without  an  enormous  amount  of  labor.  If 
light  intensities  were  controlled  by  means  of  diaphragms  or  aperture 
plates  the  ratio  between  the  various  light  changes  could  be  standard- 
ized. Standardization  of  the  photographic  intensity  of  the  printing 
lamp  would  then  be  unnecessary. 

It  would  simply  be  necessary  to  so  adjust  the  intensity  of  the 
printing  lamp  that  when  printing  with  an  aperture  corresponding  with 
that  indicated  on  the  timing  card  a  correct  print  was  obtained  with 
the  particular  developer  used  in  the  average  of  time  development 
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adopted  by  the  laboratory.  This  adjustment  would  only  be  necessary 
for  one  scene  in  a  set  of  negatives  timed  by  the  same  laboratory. 

The  Cinex  Exposure  Tester,  made  by  Cinema  Machine  Co.,  Los 
Angeles,  Cat.  The  following  is  extracted  from  a  description  fur- 
nished by  Mr.  L.  J.  Patterson  of  that  firm: 

"The  tester  we  make  now  and  all  we  have  made  since  that  first 
one  has  been  made  with  a  constant  light  value  but  varying  widths  of 
shutter  opening  to  give  different  times  of  exposure.  While  it  is 
possible  and  practical  to  match  up  printers  with  testers  of  either 


Fig.  1 

principle  there  is  still  a  small  difference  in  the  quality  of  the  picture 
due  to  contact  and  variations  in  time,  etc.  For  practical  purposes 
this  variation  is  not  such  that  it  will  cause  any  error  in  choosing  the 
proper  printing  light  and  that  is  the  thing  desired.  However  it  can- 
not be  claimed  that  it  is  an  absolute  duplicate  of  what  the  printer  will 
put  out  in  every  respect.  But  for  the  average  density  it  is  very  exact 
and  our  machine  does  not  vary  in  any  respect  in  successive  prints 
which  it  must  succeed  in  doing  or  the  machine  could  not  be  used. 

"The  drum  shutter  of  our  tester  turns  on  self -aligning  ball- 
bearings, moves  90  degrees,  exposes  pictures  when  traveling  in  one 
direction;  an  auxiliary  shutter  closing  opening  when  returning  to 
start. 

"I  will  describe  what  happens  as  you  operate  the  tester.  First 
the  control  handle  is  to  be  rotated  one  turn  to  make  the  exposure  so — 
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after  finding  the  place  in  the  negative  where  the  test  print  is  wanted 
the  negative  is  framed  by  holding  negative  with  fingers  of  left  hand 
down  to  track  and  is  shifted  the  distance  necessary  very  easily.  A 
red  light  shows  up  through  the  aperture  at  all  times  while  at  rest 
so  that  it  is  easy  to  see  the  picture  as  well  as  frame  line. 

"Notice  in  the  photo  the  three  levers  supporting  and  governing 
the  movement  of  the  gate  (as  we  call  it)  and  notice  that  they  give  it  a 
movement  that  keeps  the  whole  assembly  vertical  and  at  the  same 
time  it  moves  up  and  back  out  of  the  way  so  that  you  can  look 


Fig.  2 


straight  down  into  the  apertures  when  gate  is  up.  The  gate  locks 
when  brought  down  by  the  first  half  rev.  of  the  control  handle  and 
then  nothing  happens  on  the  last  movement  of  the  handle  except  that 
the  auxiliary  shutter  opens  and  everything  is  ready  for  the  exposure. 
The  drum  springs  are  pulling  on  the  drum  and  it  is  not  moving  but  is 
at  rest  so  that  nothing  can  alter  its  speed  when  released.  Then  the 
same  catch  which  locks  the  control  handle  at  the  end  of  its  stroke 
also  trips  the  catch  holding  back  the  drum  so  that  the  drum  then 
turns  90  degrees  giving  the  exposure.  At  the  end  of  the  stroke  of  the 
drum  (shutter)  it  strikes  a  very  sensitive  trigger  which  allows  the 
powerful  springs  counterbalancing  the  gate  to  act  and  the  gate  rises 
but  is  retarded  from  coming  up  with  a  bang  by  an  oil  dash  pot  which 
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operates  like  a  door  check  and  can  be  adjusted  to  travel  at  any  speed 
desired. 

"Outside  of  a  few  minor  conveniences  there  is  one  very  desirable 
feature  and  that  is  the  method  of  controlling  the  winding  up  of  the 
positive  film  which  is  wound  up  on  the  up  movement  of  the  gate. 

"By  the  gate  I  mean  the  brass  assembly  of  positive  film  over  top 
of  machine  and  is  called  a  gate  on  account  of  the  similarity  to  a  gate 
in  other  film  machines,  etc. 

"The  whole  business  goes  up  and  down  as  you  can  see  by  the 
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photo.  The  feature  I  wanted  to  bring  out  was  the  one  by  which 
the  strip  of  positive  that  is  wound  up  can  be  adjusted  to  wind  up 
anywhere  from  10  to  20  pictures  simply  by  loosening  the  clamp  on 
bar  projecting  out  from  the  sector  which  drives  a  gear  and  so  on  to 
take  up  sprocket,  etc.— and  sliding  this  clamp  in  or  out  on  the  bar  and 
thus  changing  the  angle  of  movement  given  to  the  sector  in  the  up 
stroke  of  the  gate.    The  sector  ratchets  on  the  down  stroke. 

"Therefore  if  the  man  operating  the  tester  wants  to  have  his 
prints  come  out  with  only  one  blank  frame  in  between  the  clamp  is 
slid  along  until  the  film  moves  up  just  12  pictures  each  time.  If  3  or 
4  frames  space  is  wanted  it  can  be  so  adjusted  in  a  few  seconds. 

"At  the  end  of  the  drum  movement  a  red  glass  is  fixed  in  the  drum 
to  allow  the  negative  to  be  seen,  etc. 
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"The  apertures  under  the  plate  glass  under  the  negative  are  ^ 
inch  deep  and  are  all  slanted  to  focus  on  the  filament  of  the  light  which 
must  be  set  central  and  near  as  possible  to  18  inches  down  from  the 
film.  No  ground  glass  or  other  filters  are  used  between  the  light  and 
the  picture  and  it  is  all  so  designed  that  every  particle  of  the  filament 
of  the  light  is  exposed  to  all  of  the  picture  and  the  distance  18"  is  great 
enough  to  allow  a  large  size  globe  (100  watt)  to  be  used  if  necessary 
and  still  have  an  angle  included  by  the  filament  of  relatively  small 
degree — the  light  source  is  in  other  words  fairly  well  concentrated." 

Dye  Toning 

Latest  reports  in  this  field  are  covered  by  the  following  references 
to  issued  patents. 

The  Agfa  interests  have  taken  out  a  patent  for  the  use  of  a  mix- 
ture of  quinone  and  alkaline  halide  as  a  bleaching  medium  for  silver 
images,  the  resultant  product  acting  as  a  mordant  for  basic  dyes. 
Owing  to  the  very  objectionable  odor  of  quinone  it  is  doubtful  if  this 
method  will  meet  with  much  success  in  practice. 

Kelley  of  Prisma,  Inc.,  produces  a  mordant  for  acid  dyes  by 
bleaching  a  silver  image  in  a  "Bromoil"  bleach  consisting  of  copper 
sulphate,  potassium  ferricyanide,  acid,  alum,  and  an  alkaline  halide. 

The  Eastman  Kodak  Company  has  issued  instructions  for  dye 
toned  images  by  treating  the  silver  image  with  an  acid  solution  of 
potassium  ferricyanide  containing  uranium  nitrate.  The  function  of 
the  uranium  nitrate  is  simply  to  act  as  an  indicator  for  the  time  of 
bleaching  the  image. 

Automatic  Film  Processing  Machines 

The  committee  lists  below  those  devices  which  have  either  been 
described  in  public  print  or  reduced  to  practice. 

The  inventors  or  designers  of  such  machines  when  known  and 
located  have  been  requested  to  supply  descriptions  with  comments 
as  to  their  experience  with  their  particular  machines. 

Spoor-Thompson  Machine  Chicago,  111.  (Tank  Machine) 

Duplex  Machine  Brooklyn,  N.  Y. 

Lawley  Machine  England  (Tube  Machine) 

Pathe  Machine 

Moy  Machine 

Jaeps  Machine  England 

Erb  Machine  (Erbograph  Co.)       New  York,  N.  Y. 

Gaumont  Machine  Flushing,  N.  Y.     (Tube  Machine) 

These  machines  are  essentially  of  two  types,  one  type  using 
tubes  and  the  other  type  using  tanks.  Some  machines  employ 
double-toothed  sprockets  while  others  use  sprockets  with  teeth 
alternating  from  one  side  to  the  other  on  successive  sprockets.  The 
machines  like  the  Spoor-Thompson  have  no  sprockets  at  all  and 
depend  upon  friction  and  tension  to  propel  the  film. 

U.  S.  Patent  No.     525,849      E.  P.  Mackuseck  Sept.  11,  1894 

U.  S.  Patent  No.     623,837      A.  Schwartz  Apr.  25,  1899 

U.  S.  Patent  No.     757,323      Rienekampf  &  W.  Nauck    Apr.   12,  1904 
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U.  S.  Patent  No.  1,109,208 

U.  S.  Patent  No.  1,141,464 
U.  S.  Patent  No.  1,177,697 


Geo.  C.  Dobbs  & 

M.  McGregor 
R.  Javault 
L.  Gaumont 


U.  S.  Patent  No.  1,231,711       F.  B.  Thompson 


U.  S.  Patent  No.  1,325,748 
U.  S.  Patent  No.  1,377,887 

U.  S.  Patent  No.  1,385,403 


J.  Marette 

R.  C.  Hubbard 

Senton  &  Jacquet 
Color  Photography 


Sept.  1,    1914 
June     1,  1915 
Apr.     4,  1916    (Gau- 
mont) 
Oct.    15,  1918   (Spoor- 
Thompson) 
Dec.  23,  1919 
May  10,  1921     (Erbo- 
graph) 
July   26,  1921    (Sen- 
jacq) 


The  Technicolor  Corporation  has  produced  a  photoplay- 
entitled  "The  Toll  of  the  Sea"  by  their  two-color  process.  The  color 
rendering  of  some  of  the  scenes  is  not  all  that  could  be  desired,  though 
the  definition  throughout  is  excellent.  The  feature  of  the  Technicolor 
process  is  the  method  of  preparing  the  final  positive.  The  red  and 
green  images  are  prepared  on  separate  films  on  a  specially  thin  film 
and  the  two  films  are  then  cemented  together  in  register. 

A  number  of  two-color  films  prepared  by  the  Kodachrome  process 
have  been  exhibited  at  the  Eastman  theatre. 

An  ingenious  scheme  of  tjiree-color  motion  picture  photography 
has  been  worked  out  by  Berthon-Kellner-Dorian.  The  method 
consists  of  photographing  an  object  through  a  single  lens  covered  with 


Fig.  4 
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strips  of  red,  green,  and  blue  filters,  on  to  film  which  has  a  number  of 
yery  small  embossed  lenses  on  the  celluloid  side  of  the  film.  The  film 
is  prepared  by  stripping  from  an  embossed  roller.  In  this  way  each 
individual  lens  images  the  object  taken  through  the  three  filters 
so  that  by  projecting  the  black  and  white  film  through  a  correspond- 
ing lens  fitted  with  the  necessary  filters  a  color  effect  is  secured. 

Reports  on  this  process  to  date  are  very  favorable  though  it 
would  appear  that  the  film  would  deteriorate  rapidly  in  view  of 
scratches  and  accumulated  dirt  on  the  embossed  surface  of  the  film. 

Polishing  Machines 

We  attach  a  photograph  of  the  Cinex  Polisher.  This  is  made  by 
the  Cinema  Machine  Co.,  Hollywood,  Cal.  This  machine  is  in  general 
use  in  California.  Its  virtues  are  its  quietness  and  the  fact  that  it  is 
entirely  free  of  sprockets. 


Fig.  5 

The  Duplex  Polisher,  made  by  the  Duplex  Machine  Company, 
Brooklyn,  N.  Y.,  is  of  the  sprocket  feed  type.  Printed  circular  from 
that  Company  is  attached. 

Elimination  of  Static 

Manufacturers  of  film  are  making  every  encleavor  to  produce 
more  anti-static  films.  The  present  method  of  backing  negative  film  is 
proving  satisfactory  in  practice,  although  there  is  much  room  for 
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improvement  in  the  preparation  of  an  anti-static  positive,  especially 
since  most  laboratories  have  ceased  to  perforate  their  own  positive. 
When  perforation  was  done  in  the  laboratory,  the  perforating  room 
was  well  humidified  and  the  film  had  a  chance  to  absorb  moisture, 
which  is  the  only  external  static  preventive  known. 

Provided  the  film  is  not  subjected  to  friction  or  strain,  static  is 
rarely  produced  in  an  atmosphere  whose  relative  humidity  is  70% 
or  over. 

When  the  printing  machine  is  out  of  adjustment,  it  subjects  the 
film  to  stress  when  higher  humidity  than  this  is  frequently  necessary 
in  order  to  secure  the  absence  of  static. 

Even  when  the  humidity  of  the  printing  room  is  higher  than 
70%,  the  film  does  not  usually  have  a  chance  to  absorb  sufficient 
moisture  before  reaching  the  printing  gate,  so  that  it  is  often  desirable 
to  lead  the  film  from  the  roll  over  an  idler  suspended  some  distance 
above  the  printer,  so  that  the  film  is  exposed  to  the  air  for  a  distance 
of  six  feet  or  more  in  order  to  enable  it  to  absorb  moisture  before 
passing  through  the  machine. 


277 


REPORT  OF  THE  NOMENCLATURE  COMMITTEE 

May  ?,  1923 

THE  following  definition  was  adopted  at  the  Rochester  meeting 
last  October  and  must  be  confirmed  at  the  present  meeting  if  it 
is  to  be  incorporated  into  the  permanent  nomenclature  of  the 
Society: 

Projectionist.     A  person  skilled  in  the  art  of  projecting  motion 
pictures. 
The  nomenclature  committee  recommends  the  following: 

Projector  Room.  A  room  or  enclosure  from  which  motion  pictures 
are  projected. 

Observation  Port.  An  opening  in  the  front  wall  of  the  projector 
room  through  which  the  projectionist  observes  the  screen. 

Picture  Cycle.  The  entire  series  of  mechanical  operations  which 
takes  place  between  the  positioning  of  one  frame  of  a  motion 
picture  film  and  the  positioning  of  the  next  frame. 

Moving  Period.  That  portion  of  the  picture  cycle  during  which  the 
film  at  the  aperture  is  in  motion.  This  period  is  expressed  in 
degrees  of  revolution  of  the  fly  wheel  when  360°  is  equal  to  one 
cycle. 

Stationary  Period.  That  portion  of  the  picture  cycle  during  which 
the  film  at  the  aperture  is  stationary.  This  period  is  expressed  in 
degrees. 

Projection  Periods.  Those  periods  during  the  picture  cycle  during 
which  the  picture  is  projected  upon  the  screen. 

Note.    Projection  room  recommendation  of  Committee. 
Projector  room  vote  of  Society. 
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DISCUSSION 

Projectionist: 

(No  objections  or  discussion  being  offered,  the  President  de- 
clared this  definition  officially  adopted.) 
Projection  Room: 

Mr.  Palmer:  In- the  studios,  the  term  projection  room"  is 
not  used  that  way.  It  is  a  room  in  which  the  pictures  are  shown; 
a  room  in  which  the  audience  sits. 

Mr.  Richardson:  We  understand  that,  but  such  a  room  is  not 
properly  a  projection  room;  it  is  a  "screening"  room.  Also  this 
definition  is  intended  for  theatre  use.  The  term  "projection  room" 
is  used  in  all  official  trade  papers  and  in  the  text  books.  It  is  designed 
to  provide  a  standard  name  for  use  in  architects'  plans. 

Dr.  Story:  It  seems  to  me  that  when  the  Nomenclature  Com- 
mittee has  considered  a  definition  sufficiently  to  recommend  it  to 
the  Society,  any  suggestion  of  changes  toward  a  form  more  acceptable 
to  the  Society  should  be  made,  if  possible,  at  once.  Even  with  such 
changes  it  is  improbable  that  a  final  definition  can  be  written  into 
the  records  at  the  first  trial,  but  undoubtedly  fewer  changes  will  be 
needed  at  the  next  reading,  if  there  has  been  a  preliminary  discus- 
sion. It  is  true  that  discussions  of  this  kind  take  a  lot  of  time  that 
might  be  devoted  to  the  presentation  of  papers,  but  after  all  the  ob- 
taining of  a  proper  nomenclature  is  one  of  the  principle  justifications 
for  the  existence  of  the  Society — it  is  one  of  the  few  things  for  which 
the  industry  looks  to  the  Society.  Great  as  the  temptation  to  the 
contrary  may  be,  we  must  be  sure  that  this  part  of  each  convention's 
work  is  not  sacrificed  for  other  subjects  of  greater  personal  interest. 

On  the  assumption  that  you  agree  with  me  on  the  value  of  this 
branch  of  the  Society's  activity,  I  should  like  a  further  discussion 
of  the  term  "projection  room."  From  what  has  been  said,  it  seems 
that  to  the  theatre  manager  and  to  the  laboratory  man  "projection 
room"  means  two  quite  different  things.  The  entire  object  of  our 
nomenclature  is  to  prevent  confusion  of  this  kind.  Some  distinction 
should  be  made,  such,  for  example,  as  calling  the  theatre  room  a 
"projection  booth."  Cannot  there  be  some  expression  of  opinion 
from  those  most  in  touch  with  theatre  and  laboratory  practice? 

Mr.  Richardson:  I  should  call  Dr.  Story's  attention  to  the 
fact  that  Webster  is  the  best  authority  on  this.  I  have  looked  up  the 
definition  of  booth  and  find  that  it  cannot  be  applied  to  a  room  for 
showing  pictures.    It  is  a  small,  temporary  structure. 

Mr.  Davidson:  I  still  agree  with  Dr.  Story  that  "booth"  is 
the  proper  term.  Webster  wasn't  alive  in  the  days  of  motion  pictures 
and  there  is  no  reason  why  we  should  not  adopt  it  in  the  sense  used 
in  the  industry.  I  think  the  definition  that  is  in  Webster  is  not  so 
important. 
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Mr.  Richardson:  There  is  another  and  greater  reason  why 
I  do  not  think  the  term  "booth"  desirable.  If  one  speaks  of  a  "booth" 
to  a  theatre  manager,  he  visualizes  some  place  in  a  location  worthless 
for  any  other  purpose.  If  the  term  "projection  room"  is  used  he 
visualizes  a  decent  place.  This  applies  equally  well  to  the  terms 
machine  and  operator.  The  theatre  manager  will  probably  laugh 
at  first,  if  one  talks  to  him  about  a  projector,  projectionist,  and  a 
projection  room  but  after  a  little  his  ideas  change  and  the  whole 
thing  is,  in  his  mind,  raised  to  a  higher  level.  That  is  the  real  reason 
for  wanting  the  term  projection  room.  It  is  because  of  the  psychology 
of  the  thing. 

Dr.  Gage:  I  suggest  that  the  term  "projection  booth"  be  de- 
fined as  a  temporary  structure  from  which  motion  pictures  are  pro- 
jected. I  have  seen  a  number  of  temporary  structures  built  to  house 
the  projector.  I  wish  to  suggest  the  addition  of  the  definition  for  a 
projection  booth. 

Mr.  Palmer:  As  I  understand  the  definition,  it  is  to  define 
something  which  exists  at  the  present  time.  If,  in  future,  they  put 
an  improvement  in  the  theatre  over  the  present  room,  they  will  make 
a  name  for  it,  but  at  present  it  means  where  pictures  are  projected. 
It  would  be  wrong  to  call  the  room  from  which  pictures  are  projected 
the  "projection  room." 

Mr.  Hill:  It  seems  that  the  whole  situation  revolves  around 
the  fact  that  the  name  is  already  in  use  in  another  sense.  This 
society  deals  not  only  with  theatres,  but  with  studios  and  exchanges 
as  well;  in  the  latter,  "projection  room"  means  a  place  in  which  pic- 
tures are  screened.  If  we  want  to  get  away  from  the  term  "booth" 
except  for  temporary  installations,  why  not  call  a  permanent  enclo- 
sure for  theatre  projectors  a  "projector  room?" 

Mr.  Richardson:  This  would  upset  the  work  of  years.  Books 
that  are  going  out  all  over  the  world  use  this  term  and  we  should 
have  to  change  the  procedure  of  years  in  order  to  establish  this  new 
definition.  Trade  and  technical  papers  have  for  years  been  calling 
it  the  "projection  room."  There  are  16,000  theaters  and  only  about 
100  studios. 

Mr.  Cameron:  There  are  many  more  than  100  studios  and  each 
studio  has  one  or  more  projection  rooms  for  viewing  the  projected 
picture. 

Mr.  Kunzmann:  The  average  projectionist  whom  I  have  visited 
on  my  travels  agrees  on  "projection  room"  and  I  think  that  is  what 
it  should  be  called.  We  are  spending  a  lot  of  time  on  this  discussion 
and  in  my  opinion  are  in  favor  of  abiding  by  former  decision  on  term 
"projection  room." 

Mr.  Cameron:  I  agree  with  Mr.  Richardson — that  we  get  some 
term  away  from  "booth"  but  I  know  we  will  run  into  complications 
unless  we  can  get  the  producers  and  exchange  men  to  change  the  term 
projection  room  to  screening  room. 

Mr.  Richardson:  I  haven't  run  into  any  complications  after 
thirteen  years  or  heard  any  protest  from  exhibitors,  who  call  the 
room  where  pictures  are  screened  a  "screening  room."  Others  call 
it  the  "projection  room."    I  think  we  better  take  a  vote  on  the  matter. 
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I  am  in  favor  of  anything  the  majority  decides  on.    I  move  that  the 
term  and  definition  be  approved  for  the  present. 

Dr.  Gage:  I  second  the  motion. 

Mr.  Davidson:  I  amend  the  motion  that  it  be  called  the  "pro- 
jector room." 

(This  amendment  was  seconded.  The  amendment  and  the 
motion  as  amended  were  duly  passed.  By  action  of  the  Society, 
therefore,  it  was  voted  to  change  the  term  "projection  room"  as 
proposed  in  the  original  report  of  the  committee  to  "projector  room." 
Observation  Port: 

Mr.  Richardson:  This  again  is  just  to  give  the  standard  name 
for  use  especially  in  architect  plans.    At  the  present  time  architects 
use  a  large  number  of  different  names  for  indicating  this  opening. 
Picture  Cycle: 

(No  discussion.) 
Moving  Period: 

Dr.  Gage:  In  case  one  cycle  is  not  360°  (one  revolution  of  the  fly 
wheel),  the  revolution  of  some  other  real  or  imaginary  part  of  the 
apparatus  is  required  to  measure  the  moving  period.  Thus,  if  the 
moving  period  is  120°  on  the  fly  wheel  but  the  film  moves  only  every 
other  revolution,  the  moving  period  should  be  expressed  as  60°. 
Stationary  Period: 

(No  discussion.) 
Projection  Periods: 

Mr.  John  G.  Jones:  How  does  this  affect  the  picture  getting 
out  of  frame? 

Dr.  Gage:  This  is  taken  care  of  by  the  definition.  We  are 
trying  to  define  what  the  machine  does — the  entire  series  of  mechani- 
cal operations — rather  than  what  happens  to  the  film. 

Mr.  R.  C.  Hubbard:  What  is  the  difference  between  stationary 
period  and  projection  period? 

Dr.  Gage:  There  are  generally  two  or  three  projection  periods 
during  the  stationary  period  if  the  machine  is  in  proper  adjustment. 
No  projection  occurs  while  the  film  is  in  motion,  but  it  is  possible  to 
project  while  the  film  is  in  motion  if  the  shutter  is  not  properly  timed. 

Mr.  Hill  :  Will  these  be  expressed  in  terms  of  degrees  too? 

Dr.  Gage:  Not  necessarily.  It  is  not  an  absolute  on  or  an 
absolute  off;  it  is  gradual  on  account  of  the  diameter  of  the  beam. 
It  is  immediately  connected  with  the  opening  of  the  shutter.  I 
was  going  to  bring  this  up — that  these  periods  are  measured  in 
degrees,  but  this  would  be  confusing.  If  the  film  happens  to  be 
in  motion  while  the  shutter  is  open  you  get  the  travel  ghost. 
Summary 

The  definition  of  projectionist  which  was  presented  to  the  Society 
at  the  last  meeting  (Rochester)  having  received  the  consideration 
required  by  our  By-Laws  was  officially  approved  by  the  Society 
and  is  now  a  part  of  the  adopted  nomenclature. 

Definitions  of  the  following  terms  have  been  proposed  by  the 
Nomenclature  Committee  at  this  meeting  (Atlantic  City)  and  ac- 
cording to  our  By-Laws  must  remain  before  the  Society  for  a  period 
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of  six  months  (until  the  next  regular  meeting),  at  which  time  they 
may,  by  action  of  the  Society,  be  adopted  and  become  a  part  of  the 
nomenclature  officially  approved  by  the  Society. 

Projector  Room 

Observation  Port 

Picture  Cycle 

Moving  Period 

Stationary  Period 
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PROGRESS  REPORT  OF  THE  SOCIETY  OF  MOTION  PICTURE 

ENGINEERS  PRESENTED  AT  THE  CONVENTION 

IN  MAY,  1923 

Vitalux  Tubular  Film,  Camera  and  Projector 

The  Vitalux  equipment  consists  of: 

Film 

The  Vitalux  film  is  an  endless  band  5  inches  wide  and  18  inches 
in  circumference,  each  picture  being  3/16  inch  by  34  inch.  Each  film 
takes  664  separate  pictures  spirally  located  on  the  band.  Each  band 
is  the  equivalent  of  119  feet  of  standard  tape  film.  The  positive 
stock  is  of  the  Safety  slow  burning  type. 

Film  Container 

The  film  container  is  of  metal  and  so  constructed  as  to  open 
only  when  in  the  camera.  To  charge  the  camera  the  magazines  are 
changed. 

Camera 

The  camera  consists  of  a  small  container  %Yi  by  11  by  4^2  inches 
equipped  with  a  Goerz  Hypar  F  3.5-20  mm.  Anastigmat  lens  with 
Iris  Diaphragm  and  universal  focus. 

Projector 

The  projector  takes  the  tubular  film,  no  rewinding  being  neces- 
sary. The  illumination  is  provided  by  a  250-watt,  110- volt  concen- 
trated filament  lamp  with  spherical  mirror  condensing  lens  and 
objective  lens,  all  of  which  are  easily  focused  or  removed  for  clean- 
ing purposes. 

The  film  is  mounted  on  a  metal  drum  and  inserted  in  the  pro- 
jector. The  film  can  be  changed  quickly  and  easily,  the  framing- 
device  being  adjusted  while  the  film  is  in  motion.  The  projector  is 
12^2  x  73^  x  14%  inches,  the  machine  being  either  motor  or  hand 
driven. 

Books 

Handbook  of  Projection  for  Theatre  Managers  and  Projection- 
ists by  Mr.  F.  H.  Richardson,  commonly  known  as  the  "Blue  Book  of 
Projection"  contains  934  pages  and  374  illustrations,  deals  with  every 
phase  of  motion  picture  projection  with  detailed  illustrated  instruc- 
tion upon  the  various  devices  used  in  connection  with  motion  picture 
projection,  has  well  illustrated  chapters  on  projection  optics,  lenses, 
screens,  etc.,  deals  with  projection  room  matters  exhaustively 
including  location  and  construction  thereof  and  appliances  used 
therein. 
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Four  notable  publications  since  our  last  convention  have  been 
issued  by  James  R.  Cameron.  A  complete  volume  da  Motion  Picture 
Projection  consisting  of  approximately  1100  pages  issued  November 
1st,  1922,  Motors  and  Motor  Generators  consisting  of  140  pages 
issued  November  1st,  1922,  Electricity  for  the  Motion  Picture 
Operator  consisting  of  140  pages  issued  December  1st,  1922.  Exami- 
nation Questions  and  Answers  on  Motion  Picture  Projection 
consisting  of  140  pages  was  issued  December  21st,  1922.  The  publica- 
tions are  extremely  complete  covering  all  phases  of  motion  picture 
engineering. 

Synchronization  of  Sound  and  Pictures 

Paper  to  be  presented  at  the  Convention  by  Mr.  Lee  De  Forest. 

The  following  information  was  received  from  Mr.  A.  F.  Victor. 

While  it  is  true  that  most  modern  theatre  orchestras  follow 
the  action  of  the  play  with  appropriate  musical  selections  there  has 
been  no  real  endeavor  to  establish  true  synchronization  such  as  we 
believe  possible. 

The  recent  experimentations  by  A.  F.  Victor  have  advanced  the 
work  considerably  and  in  the  right  direction.  His  so-called  metro- 
nome pictures  contained  in  the  lower  right  hand  corner  a  photographic 
reproduction  of  a  swinging  pendulum  which  beats  out  the  time  in  the 
manner  of  a  Metronome.  It  was  at  first  expected  that  this  system 
would  solve  the  whole  problem,  but,  upon  actual  tests  it  was  soon 
discovered  that  this  apparently  simple  method  was  by  no  means 
entirely  successful.  The  difficulties  did  not  occur  until  the  leader 
attempted  to  RE-LAY  the  tempo  to  his  orchestra.  A  perceptible 
drag  occurred  in  transmission  and  it  was  only  by  means  of  many 
rehearsals  that  any  sort  of  successful  result  was  obtained. 

Since  it  is  obvious  that  sufficient  hearty  co-operation  by  orches- 
tras throughout  the  country  could  not  be  obtained  to  secure  best 
results  Mr.  Victor  then  tried  a  number  of  means  using  among  other 
methods,  one  which  entailed  a  system  of  flashes. 

To  impress  these  upon  the  film,  presented  no  difficulty  and 
analysis  proved  that  they  were  in  every  way  a  true  indication  of  the 
proper  tempo  of  the  movements  followed.  But  again  there  appeared 
a  confusing  difficulty  in  transmission  of  these  markings  to  the 
players. 

An  attempt  was  next  made  to  time  the  signals  so  as  to  allow 
for  a  loss  of  time  in  transmission  between  pictures  to  musical  director 
and  then  to  the  musicians,  but  still  the  result  was  not  perfect.  A 
last  method  was  then  resorted  to.  Instead  of  using  moving  signals 
or  flashes,  numbers  were  substituted — the  result  has  so  far  proven 
to  be  the  best. 

Further  experimentation  has  developed  that  an  audible  sys- 
tem of  signals  is  to  be  preferred.  Therefore,  Mr.  Victor  is  now 
conducting  experiments  in  which  the  original  indications  on  the 
negative  are  produced  photographically  and  then  are  audibly  trans- 
mitted from  the  positive  passing  through  the  projector,  to  the 
Orchestra  Leader,  who  appears  to  have  less  difficulty  in  receiving  and 
transmitting  the  time  so  obtained. 

284 


Transmission  of  Pictures  by  Radio 

The  following  information  was  received  from  Mr.  C.  Francis 
Jenkins : 

It  will  be  recalled  that  in  this  system  the  prismatic  ring,  the 
new  optical  shape  in  glass,  is  the  missing  link  which  binds  together 
apparatus  easily  obtainable  in  the  open  market;  binding  them 
together  in  such  an  operative  fashion  as  to  produce  photographs  by 
radio. 

Dependable  automatic  machines  are  used  in  the  production  of 
the  prismatic  rings,  in  10-inch  and  7-inch  diameters,  machines  so 
carefully  designed  that  a  year's  operation  has  suggested  no  change 
therein.   The  product  is  uniform  and  of  a  very  hig  1  degree  of  precision. 

Wit  1  perfect  prismatic  rings  our  problem  was  greatly  simplified, 
consisting  in  the  selection  of  the  best  out  of  many  different  devices 
for  our  purpose. 

Last  fall  an  official  demonstration  was  made  for  the  Navy,  with 
Navy  officers  in  charge,  between  the  Navy  Radio-Air  Station,  N  O  F, 
at  Anacostia,  and  our  Laboratory  on  Connecticut  Avenue,  Washing- 
ton, at  which  latter  station  some  ten  high  ranking  officers  watched  the 
reception  of  the  pictures.  The  demonstration  was  pronounced  a 
complete  success. 

Technicolor  Process 

The  following  data  was  received  from  Dr.  Herbert  T.  Kalmus: 
The  Technicolor  process  which  has  been  in  the  course  of  develop- 
ment by  Kalmus,  Inc.,  Research  Engineers  of  Boston,  for  a  number 
of  years  has  definitely  reached  the  commercial  stage.    One  five  reel 
photoplay  "The  Toll  of  the  Sea"  has  been  presented  and  produced. 

The  Technicolor  process  is  a  two-color  system  in  which  both  the 
colors  are  carried  directly  on  the  positive  film  so  that  it  involves  no 
special  projecting  conditions  of  any  kind.  The  method  of  making 
the  negative  is  such  that  there  are  no  color  fringes  either  due  to 
motion  or  to  stereo  parallax.  The  registry  of  two  components  is 
very  satisfactory  as  are  the  color  values  as  seen  on  the  screen. 

Teleview 

Promised  data  covering  Teleview  was  not  received  at  the  time 
the  report  was  rendered  nor  has  it  been  received  since. 

Film  Storage 

The  following  information  was  received  from  the  United  States 
Signal  Corps: 

The  Signal  Corps  has  installed  a  fire-proof  brick  and  concrete 
vault-structure  at  Washington  Barracks,  which  is  used  for  the 
purpose  of  storing  motion  picture  films.  The  vault  is  fitted  with 
fire-proof  doors,  combination  locks  and  sprinkling  system.  A  watch- 
man is  in  charge  day  and  night. 

Albert  J.  Lubbe, 
2nd  Lieut.,  Signal  Corps. 
0.  I.  C.  Photo.  Section,  S.  C. 
Plasticon  Pictures 

The  following  information  was  received  from  Mr.  Leventhal : 
Stereoscopic  effect  in  motion  pictures  or  still  pictures  depends  on 
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the  reception  by  each  eye  of  a  slightly  different  image,  these  two 
images  having  been  produced  by  photographing  the  scene  through 
two  lenses  2%  inches  apart  (the  average  distance  between  the  eyes) . 
Mr.  Kelley's  method  consists  of  printing  these  two  separate 
images  on  what  is  known  as  double  coated  film;  that  is,  film  that 
has  emulsion  on  each  side.  One  image  being  on  one  side  and  the 
other  on  the  other,  he  dyes  one  red  and  the  other  green  in  the  usual 
Prizma  method.  The  film  is  then  projected  on  an  ordinary  projector 
and  viewed  through  special  viewing  glasses,  in  which  one  eye  consists 
of  a  red  gelatin  and  the  other  of  a  green.  The  eye  of  the  observer, 
looking  through  the  red  gelatin,  does  not  see  the  red  image  on  the 
screen,  but  sees  the  green  image  as  a  black  and  white  image.  The 
other  eye  of  the  observer  looking  through  the  green  gelatin,  does  not 
see  the  green  image  but  sees  the  red  as  a  black  and  white  image. 
In  this  way,  each  eye  receives  the  image  it  should  receive,  and  the 
stereoscopic  effect  is  obtained. 
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DISCUSSION 

Mr.  Manheimer:  Mr.  Little  seems  to  have  covered  very  com- 
pletely all  recent  development  in  the  industry.  However,  there 
has  recently  been  an  installation  for  the  production  of  stereoscopic 
pictures.  This  is  called  the  "Teleview"  and  I  am  sure  Mr.  Ham- 
mond, the  inventor,  would  be  pleased  to  give  a  description  of  the 
apparatus. 

Mr.  Little:  We  made  several  attempts  to  obtain  a  description 
of  this  equipment  but  were  unsuccessful.  I  should  like  to  say  that 
Mr.  Mayer  promised  to  furnish  much  more  material  but  was  pre- 
vented by  illness.  Much  material  has  been  promised  which  did  not 
reach  us. 
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REPORT  OF  PAPERS  COMMITTEE 

I  REGRET  that  this  report  was  not  called  for  earlier  in  the  session 
as  I  have  some  information  which  I  should  like  to  transmit  to 
every  member  of  the  Society. 

Your  Committee  on  Papers  has  endeavored  to  obtain  papers  on 
as  wide  a  range  of  subjects  as  possible.  Many  letters  were  written 
to  members  asking  for  suggestions  as  to  subjects  which  they  would  like 
to  have  dealt  with  at  the  convention,  but  only  a  few  replies  were 
received.  If  the  members  are  not  satisfied  with  the  tj^pe  of  program, 
the  Committee  would  appreciate  having  criticism.  Our  viewpoint 
may  not  be  the  same  as  yours  and  the  only  way  we  can  know  what 
you  want  is  for  you  to  tell  us.  The  Committee  wishes  to  serve  the 
Societ}^  and  it  is  only  by  co-operation  and  interchange  of  ideas  and 
viewpoints  that  we  can  efncientl}r  do  this.  This  is  your  societj^ 
and  you  should  feel  at  liberty  to  ask  your  Papers  Committee  for 
papers  on  subjects  in  which  you  are  particularly  interested,  and  I 
should  like  to  have  every  member  feel  free  to  do  so.  The  Papers 
Committee  is  necessarily  limited  in  number  and  while  the  members 
are  fairly  well  scattered  over  the  territory  geographically  they  can 
not  possibly  be  in  touch  with  all  of  the  developments  in  the  field  of 
motion  picture  engineering.  Those  of  you  who  are  actively  engaged 
in  motion  picture  work  and  are  in  touch  with  new  developments  can 
materially  assist  the  Papers  Committee  by  passing  on  to  them  infor- 
mation of  interest. 

I  would  like  to  say  a  word  about  the  publication  of  the  Trans- 
actions. One  of  the  chief  causes  of  delay  is  the  tardiness  of  members 
in  correcting  and  returning  discussions  of  papers  and  committee 
reports.  The  Society  desires  to  have  these  discussions  printed  and 
those  taking  part  in  the  discussions  should  have  the  privilege  of 
correcting  their  contributions.  You  can  do  your  part  in  assisting 
to  get  the  Transactions  out  on  time  by  correcting  and  returning  these 
discussions  immediately  upon  receipt.  The  Papers  Committee  has 
been  authorized  to  correct  discussions  in  case  they  are  not  returned 
in  the  specified  time  limit.  If  you  who  have  taken  part  in  discussions 
permit  us  to  do  this,  by  not  doing  it  yourself,  do  not  be  disappointed 
if  the  discussion  as  printed  does  not  convey  the  meaning  you  intended. 
Very  often  it  is  a  Chinese  puzzle  to  figure  out  just  what  the  man 
intended  to  say  in  his  discussions. 

I  should  like  to  make  a  few  suggestions  to  those  contributing 
papers.  You  can  help  your  Papers  Committee  materially  by  having 
the  manuscript,  including  illustrations  and  captions,  ready  for  publi- 
cation when  presented.  I  should  like  to  emphasize  the  importance 
of  using  illustrations  with  papers  whenever  possible.     We  are  all 
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motion  picture  engineers  and  believe  firmly  in  the  virtues  and  use- 
fulness of  visual  education.  We  talk  it  here  at  our  convention  and  to 
other  people  outside,  and  I  think  we  can  materially  improve  our  own 
convention  by  applying  some  of  the  same  medicine.  Information 
can  be  conveyed  more  rapidly  by  taking  advantage  of  visual  aids. 
Practically  all  of  the  papers  presented  to  this  Society  can  be  made 
more  intelligible  by  the  use  of  lantern  slides.  I  would  therefore  like 
to  emphasize  the  advisability  of  having  lantern  slides  whenever 
possible.  Your  Utilities  Committee  is  always  willing  to  provide  the 
necessary  projection  equipment.  The  use  of  illustrations  is  of  special 
importance  in  the  description  of  apparatus  and  I  should  like  to  urge 
that  all  those  preparing  papers  for  presentation  at  the  next  convention 
make  use  of  graphic  methods  for  the  conveyance  of  information. 

In  conclusion,  I  wish  to  request  again  that  every  member  give 
such  assistance  as  he  can  to  the  Papers  Committee  by  sending  in 
suggestions  relative  to  the  subjects  he  would  like  to  hear  dealt  with 
at  the  convention  and  refer  the  committee  to  possible  contributors. 
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DISCUSSION 

Me.  Story:  I  should  like  to  ask  Mr.  Jones  what  a  reasonable 
time  would  be  for  the  final  publication  of  the  Transactions  after 
the  last  paper  is  in. 

Mr.  Jones:  The  Papers  and  Publications  Committees  in  con- 
ference with  our  president  discussed  this  matter  recently,  and  I 
think  our  estimate  was  ten  weeks  as  the  minimum  if  everyone  does 
his  part  at  once,  submitting  his  manuscript,  correcting  and  returning 
his  discussions  within  the  specified  time  limit. 

Mr.  Davidson:  I  don't  know  whether  this  is  practical — Mr. 
Jones  does  not  think  it  is.  '  If  a  man  does  not  correct  his  paper  in  a 
reasonable  time,  is  there  any  reason  why  it  should  not  be  left  out 
and  published  in  the  for  owing  number  of  the  Transactions?  It 
probably  doesn't  amount  to  half  a  dozen  papers,  but  I  know  that  the 
waiting  for  one  or  two  papers  has  in  the  past  held  up  the  Transac- 
tions for  a  long  time.  I  think  if  you  put  this  penalty  on  a  man,  we 
should  get  the  Transactions.  I  know  this  is  a  serious  criticism 
of  the  Transactions,  and  I  think  it  is  blamed  on  the  Papers  Com- 
mittee.    I  wonder  what  the  feeling  of  the  Society  would  be  on  this. 

Dr.  Gage:  Has  it  been  the  policy  to  send  the  stenographic 
notes  of  committee  reports  and  discussions  to  the  committee  chair- 
man? I  think  this  should  be  done  so  that  he  may  have  an  opportunity 
to  edit  it. 

Mr.  Jones:  The  custom  has  been  to  send  the  discussions  of  the 
report  to  everyone  participating  in  it  and  in  the  case  of  committee 
reports  that  have  been  given  extemporaneously  we  have  sent  tran- 
scriptions of  these  to  the  chairman.  In  most  cases  the  chairman  of 
the  committee  has  a  written  report  prepared. 
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REPORT  OF  THEATRE  COMMITTEE 

By  F.  H.  Richardson 

THE  WORK  of  your  theatre  committee  is  very  far  from  easy. 
There  is  so  much  to  do  that  it  is  difficult  to  determine  where  we 

should  commence  and  what  we  should  do  first  in  order  that  our 
efforts  return  the  greatest  possible  benefit  to  this  society  and  to  the 
industry  at  large. 

It  would  seem  that  theatre  auditorium  lighting  is  perhaps  deserv- 
ing of  attention  in  advance  of  anything  else,  because  of  the  vast 
amount  of  injury  worked,  both  upon  the  industry  itself  and  upon 
theatre  patrons,  by  faults  therein. 

We  base  the  statement  that  such  injury  is  worked  upon  the 
following : 

Improper  theatre  auditorium  lighting  operates  to  set  up  an  un- 
necessary strain  upon  the  eyes  of  theatre  patrons,  which  cannot  fail  to 
react  not  only  to  the  injury  of  the  eyes  of  this  generation,  but  also 
to  the  eyesight  of  generations  yet  unborn.  Not  only  is  this  true,  but 
in  addition,  the  discomfort  attendant  upon  straining  the  eyes  operates 
to  very  seriously  detract  from  the  enjoyment  of  theatre  patrons,  with 
the  result  that  those  so  affected  may  not,  and  probably  will  not,  "go  to 
the  movies"  as  often  as  they  otherwise  would.  This,  of  course,  has 
the  effect  of  lowering  the  box  office  income  of  the  industry,  which  is 
the  only  income  it  has. 

That  the  foregoing  has  firm  foundation  in  fact  we  believe  every 
one  of  you  will  agree;  we  also  think  you  will  agree  that  it  is  ample 
justification  for  giving  theatre  auditorium  lighting  priority  in  con- 
sideration. Our  real  problem  is  how  to  so  approach  the  subject  that 
a  maximum  of  benefit  will  be  derived,  and  our  efforts  thus  be  made  to 
yield  the  greatest  possible  return. 

It  would  seem  advisable  to,  first  of  all,  make  such  analysis  of  the 
various  points  at  issue  as  we  may,  since  unless  we  have  a  reasonably 
clear  idea  of  the  nature  of  the  problems  we  shall  encounter,  much 
effort  will  be  wasted. 

The  problem  of  theatre  auditorium  lighting  seems  to  separate 
itself  into  certain  fairly  well  defined  classes,  or  items,  namely: 
(A)  Lighting  with  relation  to  its  effect  upon  morals.  (B)  Lighting 
with  relation  to  its  effect  upon  the  eyes.  (C)  Lighting  with  relation 
to  its  effect  upon  the  screen  image,  and  the  viewing  of  it. 

Let  us  first  examine  into  the  matter  of  theatre  lighting  and  its 
effect  upon  morals.  This  subject  has  received  much  discussion  in 
newspapers,  by  professional  fault  finders,  and  by  various  local 
authorities  and  lawmakers,  but  up  to  this  time,  so  far  as  we  know, 
it  has  not  been  made  the  subject  of  any  well  defined  rules  by  any  body 
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of  engineers  competent  to  give  the  matter  enlightened  discussion, 
or  to  take  authoritative  action. 

This  Society  has  itself  given  the  matter  some  consideration,  but 
up  to  this  time  has  taken  no  action  looking  to  the  standardization 
of  theatre  auditorium  lighting.  If  the  Society  of  Illuminating  Engi- 
neers, of  which  body  the  Chairman  of  your  committee  is  a  member, 
has  taken  action  denning  what  illumination  intensity  is  necessary  to 
prevent  the  possibility  or  probability  of  acts  tending  to  immorality, 
we  have  been  unable  to  locate  the  same,  and  we  know  of  no  other  body 
in  this  country,  other  than  our  own,  which  might  rightfully  undertake 
to  create  or  set  up  such  standards. 

In  order  to  proceed  intelligently  it  would  seem  that  we  must 
first  define  the  thing  under  consideration.  Your  committee  therefore 
offers  for  your  consideration  the  following  definition  of  acts  tending 
toward  immorality  made  possible  by  insufficient  theatre  auditorium 
lighting : 

Definition.  Acts  tending  toward  immorality  may  be  defined  as 
such  acts  with  relation  to  the  opposite  sex  as  would  be  considered  improper 
in  a  fully  illuminated  auditorium. 

In  order  that  acts  tending  toward  immorality  may  be  prevented, 
it  is  necessary  that  the  auditorium  be  sufficiently  well  lighted  that 
clear  vision  may  be  had  for  a  reasonable  distance.  The  question 
then  resolves  itself  into  the  following:  (A)  What  distance  is  it 
necessary,  for  the  purpose  in  view,  that  there  be  clear  vision  in  a 
motion  picture  theatre  auditorium,  when  sufficient  time  has  elapsed 
after  entry  to  enable  the  eyes  to  adjust  themselves  to  the  compara- 
tively low  illumination  intensity?  (B)  Exactly  what  is  meant  by 
" clear  vision?" 

Your  committee  submits  the  following  for  discussion  and 
consideration : 

As  applied  to  the  purpose  under  consideration  the  term  "clear 
vision"  shall  be  understood  to  mean  the  ability  of  a  person  of  average 
sight  to  observe  any  act  done  openly,  such  as,  for  example,  a  man  and 
woman  in  an  improper  attitude  with  relation  to  each  other. 

As  to  the  distance  it  is  necessary  that  theatre  patrons  be  able 
to  have  clear  vision  in  order  that  there  be  no  probability  of  acts  tend- 
ing toward  immorality,  your  committee  submits  the  following  for 
your  consideration  and  discussion: 

Motion  Picture  theatre  auditoriums  should  (or  shall)  be  so  lighted 
that  patrons  may  have  clear  vision  for  a  distance  of  not  less  than  ten 
feet  in  every  direction. 

Your  committee  believes  that  an  illumination  of  sufficient  inten- 
sity to  enable  clear  vision  for  a  radius  of  ten  feet  will  serve  every 
reasonable  purpose  of  prevention,  and  satisfy  every  one  except  the 
professional  fault  finder;  also  that  illumination  of  this  intensity  may 
be  had,  if  rightly  applied,  without  serious  injury  either  to  the  picture, 
or  its  viewing  by  the  audience. 

Caution.  Let  it  be  clearly  understood  that  both  definition  and 
distance  is  placed  before  the  body  merely  for  discussion,  the  hope 
of  your  committee  being  that  the  discussion  will  enable  us  to  recom- 
mend some  standard  for  adoption  by  this  Society,  to  the  end  that 
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authorities  and  law  makers  be  provided  with  a  standard  for  their 
guidance. 

Your  committee  respectfully  suggests  that  when  this  body 
finally  decides  what  distance  it  is  necessary  that  there  be  clear  vision, 
the  Eastman  Kodak  Company  be  asked  to  conduct  experiments  to 
determine  exactly  what  intensity  of  illumination  must  be  provided 
in  order  to  give  that  range  of  view  to  persons  of  average  eyesight. 

Our  reasons  for  suggesting  the  Eastman  Kodak  Company  is  that 
it  has  every  facility  for  the  making  of  such  experiments,  and  can  have 
no  possible  commercial  interest  in  the  results;  also  the  conclusions  of 
the  Eastman  engineers  may  be  accepted  by  this  body  as  thoroughly 
reliable  and  conclusive. 

The  idea  of  your  committee  is  to  lay  down  a  fixed  rule  that  all 
parts  of  a  theatre  auditorium  must  be  illuminated  at  a  certain,  fixed 
intensity,  measured  at  a  distance  from  the  floor  equal  to  the  height 
of  the  seat  backs,  plus  one  foot,  in  order  to  satisfy  all  moral  require- 
ments. 

Such  a  rule  is,  it  seems  to  us,  entirely  practicable.  Its  adoption 
would,  it  seems  to  us,  tend  to  standardize  theatre  auditorium  illumina- 
tion intensity,  and  the  standardization  of  illumination  intensity  would 
make  much  more  practicable  the  laying  down  of  rules  governing  the 
methods  of  illumination. 

Effect  upon  the  Eyes.  From  the  viewpoint  of  its  effect  upon 
the  eyes  of  the  audience,  and  upon  the  picture  upon  the  screen, 
auditorium  lighting  is  almost  wholly  a  matter  of  contrasts,  thoug  in 
passing  it  may  be  said  that  a  too  high  illuminating  value — an  illumi- 
nating intensity  which  makes  too  many  objects  in  the  auditorium  too 
clearly  visible — has  the  effect  of  detracting  from  the  picture  by  what 
may  be  termed  involuntary  distraction  of  the  mind  from  the  one 
object  upon  which  it  is  concentrated  because  too  many  objects  are 
in  subconscious  view. 

Contrasts  are,  however,  the  one  big  thing  in  motion  picture 
theatre  lighting.  This  we  make  as  a  statement  of  fact.  It  is  a 
matter  which,  up  to  the  present  time,  has  received  altogether  too 
little  attention. 

Eyestrain  is  brought  about  almost  entirely  by  two  things, 
namely:  (A)  An  over-illuminated  screen  and  (B)  what  is  known  as 
"Glare  spots."  Years  ago  a  third  very  serious  element  entered, 
namely:  "flicker"  caused  by  the  rotating  shutter  of  the  motion  pic- 
ture projector.  This  has,  however,  to  all  intents  and  purposes  entirely 
disappeared,  but  even  had  it  not,  it  is  the  purpose  of  this  report  to 
discuss  theatre  lighting  only. 

Considering  first  the  item  "glare  spots,"  let  us  examine  into 
exactly  what  constitutes  a  glare  spot,  carefully  remembering  that 
eyes  vary  widely  in  the  matter  of  sensitiveness  to  glare,  so  that  what 
is  a  glare  spot  to  one  may  not  be  to  another.  This  is  important  in 
that  it  points  to  the  fact  that  we  must  consider  only  the  effect  of 
glare  upon  the  average  eye,  and  not  be  guided  by  the  effect  upon  either 
those  eyes  which  have  little  sensitiveness  to  glare,  or  by  those  which 
are  supersensitive  to  it. 

Scientific  gentlemen  have  undertaken  the  establishment  of  a 
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rule  that  a  spot  of  light  of  certain  intensity  in  a  motion  picture 
theatre  auditorium  constitutes  a  glare  spot. 

Your  committee  finds  itself  unable  to  accept  this  as  practi- 
cable, because  of  the  fact  that  the  general  illumination  strength,  the 
qualit}^  (colors)  of  the  illumination  and  the  location  of  the  spot  with 
relation  to  sight  lines  all  have  an  important  bearing,  and  must  be 
taken  into  consideration  if  we  are  to  arrive  at  a  correct  result. 

Of  late  there  is  some  inclination  to  inject  color  into  theatre 
auditorium  illumination,  and  this  will  in  itself  very  largely  affect 
glare,  or  so  it  seems  to  us. 

Considering  white  light  alone,  however,  in  a  perfectly  dark 
auditorium  the  flame  of  an  ordinary  tallow  candle  appears  distinctly 
brilliant.  One  could  scarcely  look  directly  at  it  without  discomfort. 
Place  the  same  light  source  in  bright  sunlight,  and  it  is  but  little 
more  than  visible.  These  two  extremes  vividly  illustrate  the  effect 
of  contrast.    Between  them  are  almost  numberless  graduations. 

In  a  well-lighted  auditorium  the  white  sheet  music  on  a  piano, 
although  in  the  direct  sight  line  of  a  major  portion  of  the  audience, 
may  not  be  an  objectionable  glare  spot,  except  possibly  to  those  of 
very  sensitive  e}Tes.  In  a  dark  auditorium  the  same  spot  of  light 
would  be  highly  objectionable  to  all  except  those  with  eyes  having 
but  slight  sensitiveness  to  glare. 

The  term  "glare  spot,"  as  applied  to  motion  picture  theatre 
auditoriums,  has  never,  so  far  as  we  know,  been  given  an  intelligent 
definition.  Your  committee  proposes  the  following  with  the  sug- 
gestion that  it  be  passed  along  to  the  nomenclature  committee. 

A  glare  spot  is  a  concentrated  spot  of  light  within  view  of  the 
audience,  or  some  portion  thereof,  which  is  uncomfortable  to  the  eyes  of 
all,  or  to  some  of  those  within  whose  range  of  vision  it  falls  while  looking 
at  the  screen.  By  u  uncomfortable'1  it  is  meant  that  the  eyes  wou  d  be 
more  comfortable,  or  the  view  of  the  picture  more  satisfactory  and  com- 
fortable were  the  spot  of  light  removed. 

Your  committee  holds  this  to  be  a  reasonable  and  practical 
definition.  If  the  spot  of  light  be  an  annoyance  to  the  eye,  then  it  is 
a  glare  spot,  no  matter  how  low  its  power  may  be.  The  practical  test 
to  determine  whether  a  spot  of  light  constitutes  a  glare  spot  therefore 
is  as  follows: 

Occupy  any  seat  in  the  auditorium  from  which  the  suspected  spot  is 
within  view  when  looking  at  the  screen,  while  projection  is  in  progress. 
UNDER  NORMAL  CONDITIONS  OF  AUDITORIUM  LIGHT- 
ING. While  looking  constantly  at  the  screen  (NOT  at  the  spot)  have  the 
suspected  light  extinguished.  If  the  eye  is  more  comfortable,  or  the 
picture  looks  better  when  the  spot  of  light  is  removed,  then  the  spot  is  a 
glare  spot  to  the  eyes  of  the  person  making  the  test,  regardless  of  what 
its  relative  intensity  may  be.  It  then  only  remains  to  have  several  persons 
make  the  same  experiment,  so  as  to  get  the  effect  on  the  average  eye. 

Warning:  In  making  this  test  it  is  necessary  that  the  person 
shall  have  been  "watching  the  picture"  for  several  minutes,  at  no 
time  looking  at  anything  but  the  picture  on  the  screen. 

Another,  somewhat  more  crude  way,  of  making  the  test  is  to 
watch  the  picture  for  several  minutes,  say  two  or  three  at  least,  and 
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then,  still  with  the  eyes  fixed  on  the  screen,  bring  some  opaque  object, 
such  as  a  folded  newspaper,  up  in  such  a  way  that  the  suspected 
glare  spot  is  hidden  from  the  eyes.  The  better  way,  however,  is  to 
have  the  light  turned  off  and  on  two  or  three  times,  at  say  half 
minute  intervals. 

Remember  that  unless  the  eyes  of  the  one  making  the  test  be 
sensitive  to  glare,  the  fact  that  the  spot  is  not  annoying  to  him  is  not 
proof  that  it  is  not  to  others.  Have  at  least  half  a  dozen  persons 
make  the  test. 

Not  only  are  glare  spots  more  or  less  objectionable  by  reason 
of  their  brilliancy  as  compared  with  the  surrounding  illumination, 
but  it  must  also  be  remembered  that  location  has  its  effect.  A 
glare  spot  of  given  contrast  vith  surrounding  illumination  will  be 
very  much  more  objectionable  when  located  fell  within  the  line  of 
direct  vision  than  if  so  located  that  it  is  at  a  heavy  angle  with  the 
direct  sight  line — line  from  eye  to  center  of  screen. 

With  relation  to  glare  spots,  your  committee  believes  it  will  be 
good  practice  to  first  determine  exactly  what  constitutes  a  glare 
spot  to  the  average  eye,  both  from  directly  in  front — direct  line  of 
vision — and  from  various  angles  of  view.  This,  it  seems  to  us,  might 
be  done  with  at  least  considerable  accuracy,  once  a  standard  for 
auditorium  illumination  intensity  were  set  up.  Until  that  is  done  the 
matter  is  more  difficult. 

Your  committee  respectfully  suggests  that  the  Eastman  Kodak 
Company,  or  such  other  body  as  may  be  selected  be  requested  to 
make  the  following  tests:  (A)  Tests  as  to  what  constitutes  an  objec- 
tionable glare  spot  to  the  average  eye,  each  one  of  not  less  than  six 
persons  to  take  part  in  the  tests  and  communicate  their  findings 
without  knowledge  of  the  others,  when  viewed  from  directly  in 
front,  as  the  sheet  music  on  an  orchestra  piano,  in  an  auditorium 
which  is  perfectly  dark,  except  for  light  reflected  from  the  screen  when 
a  picture  is  being  projected.  The  same  test,  increasing  auditorium 
illumination  by  suitable  tests  until  a  maximum  general  illumination 
is  had,  with  a  report  for  each  step,  or  test. 

(B)  The  same  tests,  but  with  the  glare  spot  located  at  various 
angles  of  view,  up  to  the  widest  angle  which  will  affect  the  eye  of  the 
spectator. 

Our  intent  in  this  is  to  compile  a  table,  or  chart  which  may  be 
used  by  theatre  managers  and  projectionists  for  controlling  theatre 
musicians'  lights,  and  other  lights  which  form  objectionable  glare 
spots.  It  is  our  intent  to  not  only  give  to  them  the  actual  permissible 
light  contrasts  alio  vable,  in  candle  power,  but  also  to  give  them  a 
practical  test,  which  any  man  of  average  intelligence  may  apply. 

Insofar  as  has  to  do  with  the  picture  itself,  auditorium  lighting- 
has  several  effects,  as  follows: 

Any  light  striking  the  screen  surface,  other  than  light  from  the 
projection  lens  itself,  tends  to  reduce  the  picture  contrasts  by  very 
slightly  adding  to  the  brilliancy  of  the  whites  and  reducing  the  purity 
of  the  blacks,  causing  them  to  appear  as  gray.  The  effect  upon  the 
whites  is  imperceptible  to  the  eye,  if  the  light  be  clear  white,  but  the 
effect  upon  the  blacks  is  perceptible  in  a  diminution  of  contrast  and  a 
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general  weakening  of  the  picture  as  a  whole.  The  general  effect  is  to 
cause  the  picture  to  look  "flat" — washed  out. 

Glare  spots  within  view  of  the  audience,  aside  from  the  eyestrain 
involved,  have  the  effect  of  weakening  the  contrasts  in  the  picture 
itself. 

The  eye  itself  is  nothing  more  or  less  than  a  camera.  There  is  a 
lens  which  transmits  light  to  and  focuses  it  upon  a  plate,  or  screen 
called  the  retina.  This  screen  is  covered  with  a  multitude  of  very 
minute  nerve  cells.  When  light  strikes  these  cells  the  effect  is  trans- 
mitted, through  the  optic  nerve,  to  the  visual  center  of  the  brain. 

Probably  the  reason  glare  spots  reduce  the  contrasts  of  the 
picture  is  because  they  affect  the  nerve  cells  exactly  in  the  same  wslj 
that  stray  light  affects  the  picture  on  the  screen,  lowering  the  value 
of  the  blacks  and  causing  the  impression  of  gray  to  be  transmitted  to 
the  brain.  The  greater  the  amount  of  light  from  the  glare  spot,  or  the 
more  nearly  the  spot  is  in  the  line  of  vision,  the  greater  the  amount 
of  stray,  unfocused  light  will  enter  the  eye  and  the  greater  the  amount 
of  damage  done. 

Scientific  gentlemen  have  declared  that  an  illumination  brilliant 
enough  to  enable  the  reading  of  print  readily  is  not  injurious  to  the 
picture.  This  your  committee  questions.  So  much  light  striking 
the  blacks  of  the  picture  cannot  but  cause  the  picture  to  look  "faded." 
It  will  not  and  cannot  "stand  out"  as  it  would  with  less  light.  This 
is  partly  because  of  the  direct  effect  of  the  light  upon  the  picture  and 
partly  because  of  the  effect  of  so  much  unfocused  light  upon  the  eye. 

The  lighting  of  the  front  of  the  auditorium  is  of  the  utmost 
importance.  Not  only  must  there  be  no  glare  spots  visible  to  the 
audience,  but  lights  must  be  so  arranged  and  shaded  that  no  direct 
rays,  and  as  few  as  possible  reflected  ones  reach  the  screen.  This  is 
very  well  understood,  but  is  seldom  well  applied  in  practice.  It  is  no 
uncommon  thing  in  a  high  class  theatre  where  one  would  expect 
different  things,  to  notice  when,  through  some  accident  causing  a 
sudden  stoppage  of  the  show,  the  lower  half  of  the  screen  very  well 
illuminated  by  light  reflected  from  the  music  of  a  number  of  stands 
set  directly,  or  nearly  directly  facing  the  screen. 

This  is  unintelligent  work.  True  the  audience  does  not  appre- 
ciate the  damage  done,  but  when  the  orchestra  lights  are  turned  off 
there  is  a  very  appreciable  difference  in  the  beauty  of  the  screen 
image.  We  are  told  that  the  English  have  a  way  of  placing  an  apron 
extending  from  a  point  at  the  lower  edge  of  the  screen  out  over  the 
orchestra,  thus  preventing  all  reflected  light  from  the  sheet  music 
reaching  the  screen.    This  would  seem  good  practice. 

Your  theatre  committee  believes  that  the  best  possible  way  of 
overcoming  the  orchestra  light  nuisance  would  be  to  have  the  musi- 
cians seated  on  a  platform  which  may  be  raised  and  lowered  by 
hydraulic  power.  When  orchestra  numbers  are  "on,"  or  tableaux 
which  require  orchestra  accompaniment,  the  platform  would  be 
raised  so  that  the  musicians  would  be  in  full  view  of  the  audience. 
When  the  picture  is  on,  the  platform  would  be  lowered  until  the 
entire  orchestra  would  be  hidden  from  view.     It  might  even  be 
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possible  that  the  lowering  of  the  platform  would  automatically 
bring  an  apron  up  and  out  to  protect  the  screen. 

Still  another  way  would  be  to  so  arrange  that  when  the  picture 
is  "on"  an  apron  would  be  extended  out  over  the  orchestra,  though 
this  would,  we  think,  be  impractical  with  the  orchestra  located  as 
high  as  at  present. 

These  things  are,  you  will  understand,  merely  mentioned  as 
subjects  for  thought.  We  would  suggest  that  possible  good  might 
come  if  the  President  of  this  Society  invite  the  organization  of 
Architects  to  appoint  a  committee  to  confer  with  the  Theatre  Com- 
mittee of  this  Society  with  regard  to  the  possibilities  of  some  such  plan 
as  has  been  suggested  for  raising  and  lowering  the  orchestra  and 
shading  the  screen  from  orchestra  music  lights. 
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DISCUSSION 

Mr.  L.  A.  Jones:  Mr.  Richardson  states  that  he  questions  the 
possibility  of  illuminating  the  theatre  so  that  a  program  can  be 
read  with  ease,  without  injurying  the  picture  quality.  I  have  a  very 
definite  opinion  on  this  subject  because  I  have  seen  it  done.  If 
ordinary  sized  print  is  used  on  the  program,  a  large  auditorium  may 
be  lighted  so  that  the  program  can  be  easily  read  without  in  any  waj^ 
interfering  with  the  picture  quality.  In  making  this  statement  I 
refer  to  the  quality  of  a  black  and  white  picture  of  average  density. 
For  a  given  amount  of  scattered  light  on  the  screen,  the  extent  of 
the  injury  to  quality  will  depend  upon  the  density  of  the  picture 
being  shown.  If  a  positive  is  extremely  dense,  so  that  the  screen 
brightness  is  reduced  to  a  low  level,  then  less  stray  light  will  be 
permissible  than  in  the  case  of  a  picture  of  average  density.  We  have 
made  exhaustive  tests  and  by  a  statistical  method  have  established 
a  value  for  density  in  the  average  positive.  With  such  a  positive  it 
is  quite  easy  to  light  the  theatre  so  that  programs  can  be  read  without 
in  any  way  interfering  with  the  quality  of  the  projected  picture. 

Mr.  Richardson:  You  said  in  a  large  auditorium,  but  you 
must  remember  that  the  average  theatre  is  not  a  large  auditorium; 
that's  what  I'm  talking  about.  Not  long  ago  some  one  sent  me  an 
exhaustive  series  of  tests  and  wanted  me  to  give  an  opinion  on  hem. 
I  wrote  back  "They  are  of  no  value,  because  they  are  made  in  a  large 
theatre." 

Mr.  L.  A.  Jones:  We  have  made  a  large  number  of  measure- 
ments (the  results  have  been  reported  to  this  Society  and  are  pub- 
lished in  the  Transactions)  in  a  rcom  about  20  x  50  feet  with  a 
projection  screen  placed  directly  on  one  of  the  end  walls  without  any 
protection.  This  room  was  lighted  so  that  a  program  could  be  read 
easily  and  no  serious  loss  of  quality  could  be  detected.  The  test  Mr. 
Richardson  suggests  was  applied.  Persons  with  long  experience  in 
judging  picture  quality  were  requested  to  express  their  opinion  as  to 
the  effect  on  picture  quality  with  the  room  illumination.  They  were 
seated  in  the  room,  the  picture  put  on  the  screen,  and  the  room  lights 
alternately  turned  on  and  off.  In  no  case  did  any  one  consider  that 
the  room  light  interfered  with  the  quality  of  the  projected  picture 
and  some  expressed  the  opinion  that  the  pictures  were  more  pleasing 
and  visually  it  was  more  comfortable  with  the  room  lights  on. 

Mr.  Richardson:  That  doesn't  defeat  my  argument.  The 
argument  of  your  Theatre  Committee  is  to  arrive  at  what  we  should 
have.  What  that  is,  I  don't  know.  I  merely  question  that.  I 
didn't  say  it  wasn't  true.  It  may  be  that  that  illumination  intensity 
is  quite  correct;  that's  what  we  want  to  find  out. 

Mr.  L.  A.  Jones:  I  merely  stated  that  it  has  been  done  in  some 
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theatres,  and  I  am  convinced  that  it  can  be  done  in  any  motion  pic- 
ture theatre. 

In  regard  to  glare,  I  think  Mr.  Richardson  is  entirely  correct. 
A  great  deal  of  fundamental  research  has  been  done  on  the  subject 
of  the  visual  sensations  and  on  the  subject  of  what  constitutes  glare. 
I  must  confess  that  I  believe  in  many  cases  the  available  data  while 
entirely  correct  have  not  been  interpreted  in  such  a  way  as  to  be 
directly  applicable  to  the  problems  mentioned  by  Mr.  Richardson. 
I  do  not  know  under  uncertain  conditions  just  what  surface  bright- 
ness will  produce  surface  discomfort  or  glare.  If  the  adaptation  level 
of  the  observer's  eyes  be  known,  it  is  quite  possible  to  read  from 
available  data  the  surface  brightness  which  will  constitute  glare 
spots.  We  also  know  something  about  the  size  of  the  bright  area,  its 
position  in  the  visual  field,  and  the  resultant  glare  sensation.  As  I 
stated  previously,  a  great  deal  of  the  fundamental  work  on  this 
subject  has  been  done,  but  more  is  needed  to  put  it  into  shape  for 
application  to  practical  problems. 

Me.  Richardson:  Would  it  not  be  possible  for  your  research 
laboratory  to  work  it  into  a  form  in  which  it  can  be  applied? 

Mr.  L.  A.  Jones:  Yes,  but  more  experimental  work  must  be 
done  before  the  subject  can  be  dealt  with  adequately.  I  should  like 
to  bring  out  one  other  point  relative  to  the  question  of  the  amount 
of  illumination  permissible  in  a  motion  picture  theatre.  The  follow- 
ing remarks  are  based  on  our  experience  in  lighting  the  new  Eastman 
Theatre  in  Rochester.  The  conditions  there  have  been  analysed  very 
carefully,  and  we  know  very  precisely  the  value  of  the  existing  il- 
lumination levels.  The  illumination  system  has  a  capacity  such 
that  we  can  put  on  a  table  plane  (horizontal  plane  30  inches  from  the 
floor)  about  twice  as  much  illumination  as  is  at  the  present  time  actu- 
ally used.  With  these  higher  levels  of  illumination  no  injury  to  the 
quality  of  the  projected  picture  can  be  detected.  A  great  deal  of 
objection,  however,  was  expressed  on  account  of  the  higher  visibility 
of  surrounding  objects  in  the  theatre,  this  resulting  (in  the  opinion 
of  many  people)  in  undue  distraction  of  the  attention  from  the 
picture,  and  loss  of  the  desired  "atmosphere."  The  art  director  in- 
sisted on  lowering  the  original  levels  and  I  do  not  mean  to  imply  that 
I  consider  this  procedure  incorrect.  I  simply  wish  to  suggest  that 
there  may  be  and  probably  are  factors  other  than  the  stray  light  on 
the  screen  which  limit  the  illumination  levels  that  can  be  employed 
in  motion  picture  theatres.  In  this  theatre  as  it  is  illuminated  at 
the  present  time,  it  is  quite  possible  to  recognize  persons  at  a  distance 
of  15  to  20  feet  and  to  read  the  program  with  a  fair  degree  of  ease. 
The  illumination  levels  existing  on  the  horizontal  plane  vary  from 
.03  to  .1  ml. 

Mr.  Powell:  I  read  over  Mr.  Jones'  and  Mr.  Mott's  paper  on 
the  lighting  of  the  theatre,  and  it  was  my  impression  that  the  intensity 
finally  adopted  was  considerably  below  .2  foot  candles. 

Mr.  L.  A.  Jones:  Yes,  it  is  about  half  of  that  value.  Our  rec- 
ommendations called  for  an  illumination  on  the  table  plane  varying 
from  .1  to  .2  ml.  This  was  tried  but  the  art  director  considered  the 
illumination  much  too  high.    As  I  stated  before,  not  from  the  stand- 
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point  of  loss  of  picture  quality,  but  on  account  of  the  too  great 
visibility  of  persons  and  their  surroundings. 

Mr.  Richardson:  This  so-called  "atmosphere"  is  what  I  call 
"distraction  of  the  mind." 

Mr.  Egeler:  The  illumination  in  the  auditorium  and  its  effect 
on  screen  brightness  do  not  necessarily  bear  a  constant  relation  to 
each  other,  since  the  amount  of  light  reaching  the  screen  from  sources 
other  than  from  the  projector  is  dependent  on  the  method  of  audi- 
torium illumination  employed.  As  Mr.  Jones  has  suggested,  it  is 
possible  to  provide  a  comparatively  high  intensity  at  the  seats  without 
materially  affecting  the  quality  of  the  picture;  in  other  words,  the 
fundamental  consideration  is  to  use  lighting  units  so  placed  that  a 
minimum  of  light  from  them  strikes  the  screen,  at  least  at  angles  from 
which  it  will  be  reflected  into  the  observer's  eyes.  With  sufficient 
data  we  could  formulate  a  table  showing  the  permissible  amounts  of 
extraneous  light  reaching  the  screen  for  various  values  of  screen 
brightness,  but  the  data  will  be  confined  to  very  low  values  of  ex- 
traneous light  since  perceptible  illumination  of  the  dark  portions  of 
the  picture  image  destroys  the  contrasts  which  really  make  the  image 
a  picture.  For  each  type  of  auditorium  lighting,  there  is,  I  believe, 
a  relation  between  the  illumination  intensity  at  the  seats  and  the 
screen  brightness  necessary  for  a  desirable  picture.  However,  since 
the  usual  lighting  will  be  obtained  from  a  variety  of  types  of  lighting 
units  placed  in  a  variety  of  positions,  the  relation  between  projected 
light  and  extraneous  light  at  the  screen  would  be  the  more  useful. 
The  use  of  high  intensities  of  projected  light  to  counteract  the  effects 
of  extraneous  light  is  to  be  avoided,  since  the  resulting  brightness  will 
usually  be  so  great  as  to  cause  glare  for  the  patrons  in  the  front  of  the 
auditorium. 

Mr.  Summers:  We  made  some  measurements  a  short  time  ago 
for  one  of  the  colleges  using  educational  films  where  they  have  low 
intensity  on  the  screen  and  wanted  enough  light  for  the  students  to 
make  notes.  With  .1  foot  candles  they  could  do  this,  and  there  was 
no  detriment  to  the  light  on  the  screen. 

Mr.  Davidson:  I  want  to  second  what  Mr.  Summers  has  said. 
In  handling  portable  machines  I  have  found  out  that  it  seems  de- 
pendent on  the  amount  of  stray  light  on  the  screen.  I  have  found  it 
easy  to  have  sufficient  illumination  to  take  notes,  if  I  was  careful 
that  no  light  fell  on  the  screen. 

There  is  another  element  entering  into  this,  and  that  is  the 
interest  in  your  picture  itself.  You  can  see  objects  in  your  room  and 
glare  spots;  if  the  picture  is  good — they  don't  mind.  We  have  had 
experience  in  this  with  scratched  pictures,  but  if  it  is  Charlie  Chaplin 
or  something  of  sufficient  interest  it  will  get  by.  Take  a  film  with  half 
the  defects  but  a  fraction  of  the  interest  and  everybody  notices  them. 
This,  I  think,  applies  strongly  to  Mr.  Richardson's  glare  spot  proposi- 
tion. Your  psychology  is  bad  if  you  call  the  attention  of  your 
audience  to  them,  they  will  be  disagreeable.  Here  is  the  situation 
we  found :  We  found  in  putting  in  a  demonstration  that  if  we  called 
it  a  demonstration  the  audience  noticed  all  the  defects,  but  if  we 

300 


told  them  it  was  only  an  entertainment,  nobody  noticed  anything 
wrong.    If  you  tell  him  about  it,  of  course,  he  will  be  uncomfortable. 

Mr.  Richardson:  I  might  say  that  I  have  sat  in  an  auditorium 
and  had  tears  run  out  of  my  eyes.  Your  psychology  problem  amounts 
to  this :  They  were  pleased  with  Charlie  Chaplin  because  they  wanted 
to  see  him,  but  if  this  subject  had  been  unscratched  how  much  better 
it  would  have  been. 

Mr.  Davidson:  Perhaps  you  are  right  but  they  had  so  little 
.technical  knowledge  of  the  defects  that  they  bought  the  projector 
and  thus  showed  they  considered  the  demonstration  good. 

Mr.  Richardson:  We  are  not  going  to  tell  the  audience  that 
the  glare  spot  is  there,  but  audiences  having  any  idea  of  sensitivity 
will  say  that  their  eyes  hurt. 

Mr.  Davidson:  I  question  your  method  of  testing  for  glare 
spots.    I  don't  think  it  any  better  than  using  foot  candle  meter. 

Mr.  Richardson:  How  can  they  do  it? 

Mr.  Davidson:  Buy  a  candle  meter  and  try  it. 

Mr.  Richardson:  Be  as  unconscious  as  you  want  to,  but  you 
can  be  hurt  very  badly  without  knowing  it  until  afterwards.  I  can't 
agree  at  all  with  the  argument. 

Mr.  Capstaff:  If  I  may  bring  back  the  question  of  scattered 
light  on  the  picture  quality,  it  seems  to  me  that  the  factor  governing 
this  is  the  lens  flare  from  the  projection  lens.  All  projection  lenses 
scatter  light.  This  scattered  light  or  lens  flare  lowers  the  quality  of 
every  picture  projected.  I  doubt  if  the  maximum  contrast  obtain- 
able is  more  than  1.8  regardless  of  the  actual  contrast  of  the  film 
itself.  I  should  say  that  the  permissible  amount  of  scattered  light 
falling  on  the  screen  from  other  sources  would  be  about  5%  of  the 
flare  from  the  projection  lens. 

Mr.  Richardson  has  visited  many  thousands  of  theatres — it 
would  be  interesting  to  know  which  ones  he  considers  most  nearly 
perfect  in  regard  to  freedom  from  glare  spots. 

Mr.  Richardson:  That  is  an  impossible  question,  I  could  not 
remember. 

Mr.  Capstaff:  Could  you  tell  us  one  in  New  York  which  you 
consider  good?  I  believe  you  have  been  in  the  Eastman  Theatre; 
does  that  strike  you  as  being  right? 

Mr.  Richardson:  The  orchestra  lighting  in  the  Eastman 
Theater  was  very  bad;  it  may  be  improved  now.  I  couldn't  tell  you 
now  what  theatres  I  have  found  satisfactory.  In  one  auditorium 
in  New  York  City  the  lighting  is  splendid,  but  the  effect  from  the 
orchestra  is  so  bad  that  the  lower  half  of  the  picture  is  barely  visible. 
There  have  been  theatres,  mighty  few,  though,  with  a  well  lighted 
orchestra. 

Mr.  Rogers  :  With  regard  to  Mr.  Richardson's  paper,  the  screen 
may  be  illuminated  so  much  that  it  causes  much  glare  and  con- 
sequently the  illumination  of  the  auditorium  could  be  of  greater  in- 
tensity under  these  conditions. 

Mr.  Richardson:  I  mentioned  this  but  did  not  go  into  it. 
"High  screen  illumination"  in  the  report  should,  however,  have  been 
coupled  with  too  low  auditorium  lighting.    Screening  from  stray  light 
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may  be  done,  but  where  are  we  going  to  get  benefit?  This  report 
should  be  referred  to  some  one  to  go  ahead  with  the  work.  There  are 
certain  definitions  we  wanted  to  have  considered. 

Mr.  Cameron:  I  should  like  to  ask  if  Mr.  Richardson  thinks 
it  possible  to  overcome  the  reflected  rays  from  the  music  stands  by 
moving  the  orchestra  up  and  down.  I  think  we  shall  meet  much 
opposition  from  the  owners  of  theatres  about  this.  The  Earl  Carroll 
Theatre  in  New  York  has  this.  They  lower  the  stage  every  night 
to  start  off  with  to  the  position  usual  in  other  theatres  and  raise  it 
with  a  spot  light  on  the  musicians.  They  do  raise  them  but  don't 
lower  them. 

Now,  some  of  the  theatres  spend  more  on  the  orchestra  than  they 
do  on  the  picture.  In  this  case,  it  is  necessary  to  convince  the  owners, 
such  as  Mr.  Rothapfel,  that  he  should  put  the  orchestra  in  the 
cellar  (laughter).  Even  if  we  do  this,  there  is  the  question  of  the 
acoustics.  Mr.  Rothapfel,  with  whom  I  had  the  pleasure  of  working 
when  he  ran  "The  Four  Horsemen"  at  the  Commodore,  ran  the  last 
reel  of  that  picture  no  less  than  eleven  times  while  he  walked  around 
that  room,  listening  to  the  music  first  in  one  place  and  then  in  another, 
to  be  sure  that  the  acoustics  of  the  orchestra  were  all  right.  He 
wasn't  worried  so  much  about  the  screen  result.  I  am  afraid  that 
this  plan  for  the  same  reason  would  not  be  practicable. 

I  didn't  see  a  theatre  in  England  that  had  such  an  arrangement 
although  I  made  quite  an  extended  trip. 

Mr.  Richardson:  I  believe  the  general  audience  would  approve 
of  the  acoustics  if  the  average  orchestra  were  lowered,  but  that  is  one 
of  the  matters  to  be  taken  up  and  talked  over  with  the  architects' 
organization.  I  believe  that  some  modification  of  the  plan  can  be 
worked  out. 
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REPORT  OF  FILM  PERFORATIONS  COMMITTEE 

AT  the  Rochester  meeting  of  the  Society  a  discussion  arose  con- 
cerning the  shape  of  film  perforations,  it  being  suggested  that 
the  standard  perforation  at  present  in  use  suffered  by  reason  of 
its  sharp  corners  from  which  fractures  usually  originate,,  and  that  the 
film  would  probably  show  better  wearing  qualities  if  these  sharp 
corners  were  eliminated. 

Your  committee  has  given  the  matter  careful  consideration,  and 
in  order  to  make  comparative  tests  has  had  special  sets  of  pimches  and 
dies  made  so  that  perforations  could  be  compared  as  follows : 

1.  Bell  &  Howell  standard  perforations  as  now  used; 

2.  Continental  and  standard  perforation  having  round  corners; 

3.  A  modified  Bell  &  Howell  standard  perforation  with  the 
corners  rounded;  and 

4.  A  new  perforation,  rectangular  in  shape,  and  having  round 
corners. 

St/ia/d/i/?d  35%  Film (o»*J 
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This  new  figure  1  perforation  has  the  same  transverse  gauge, 
pitch,  and  length  as  the  Bell  &  Howell.    The  width  of  the  perforation 
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is  increased  from  .073  inches  to  .078  inches  with  a  corner  radius  of 
.0195  inches. 


T£/w    7~//f£5  5/zet. 

Fig.  2 

Positive  film  made  with  these  various  perforations  has  been 
tested  for  length  of  life  in  the  projecting  machines  and  has  also  been 
used  for  printing  negative  film  perforated  with  the  standard  Bell  & 
Howell  perforation,  both  new  and  old  negative  film  being  used.  The 
tests  bear  out  the  anticipations  aroused  as  result  of  the  discussion  at 
the  Rochester  meeting.  On  the  average,  the  present  standard  perfor- 
ation had  the  shortest  life,  the  continental  standard  and  the  modified 
Bell  &  Howell  standard  with  round  corners  were  superior  to  it,  while 
the  new  perforation,  rectangular  in  shape  with  round  corners,  proved 
best  of  all.  The  tests  on  a  great  many  different  machines  showed  no 
difficulty  to  arise  from  the  change  in  perforation,  and  its  extra  width, 
indeed,  enables  it  to  accommodate  sprockets  which  give  interference 
with  the  present  style  of  perforation. 

The  adoption  of  this  modified  perforation  will  involve  the  use 
of  a  special  machine  for  grinding  the  punches  and  pilot.  Such  a 
machine  has  been  built  and  there  appear  to  be  no  difficulties  from  a 
manufacturing  point  of  view  preventing  the  adoption  of  the  new 
standard  perforation. 

Conclusion 

As  a  result  of  the  experiments  and  tests  reported  above,  your  com- 
mittee recommends  that  the  new  rectangular  perforation  with  the 
round  corners  shown  in  the  drawing  appended  hereto  be  adopted 
for  positive  film  in  future. 

Since  this  perforation  might  conceivably  give  trouble  with 
some  cameras  now  in  use,  and  since  the  extra  wearing  qualities  are  of 
no  advantage  for  negative  film,  it  is  recommended  that  the  perfora- 
tion of  negative  film  be  continued  with  the  type  of  perforation  used 
up  to  the  present  time. 

The  Committee. 
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DISCUSSION 

Dr.  Story:  The  only  fault  that  the  Committee  on  Standards 
has  been  able  to  find  with  recommendations  of  the  Committee  on 
Film  Perforations  is  that  it  seems  unnecessary  to  have  a  different 
standard  sprocket  hole  for  the  negative  and  positive  film.  It  seems 
that  mechanically  the  film  will  be  more  rugged  with  the  new  type  of 
perforation  and  that  it  will  fit  all  of  the  present  machines,  as  Mr. 
Jones  has  shown.  There  is  no  reason  for  not  adopting  this  perfora- 
tion for  positive  film.  It  is  only  a  question  of  whether  the  negative 
should  also  have  this;  that,  we  have  not  had  time  to  consider. 

Mr.  Kelley:  Are  you  recommending  it  for  both  negative  and 
positive? 

Mr.  J.  G.  Jones:  We  are  going  to  adopt  this  standard  for 
positive  only. 

Mr.  Kelley:  That  will  give  us  a  great  deal  of  trouble,  because 
we  register  by  the  sprocket  holes. 

Mr.  J.  G.  Jones:  The  perforations  in  the  old  and  new  negative 
are  of  standard  Bell  &  Howell  dimensions  at  present.  The  length 
and  pitch  remain  the  same. 

Mr.  Kelley:  It  will  give  us  a  lot  of  trouble  with  register. 

Mr.  J.  G.  Jones:  The  two  films  are  registered  by  pilots  fitting 
the  perforations,  are  they  not? 

Mr.  Kelley:  We  would  not  mind  if  the  change  was  made 
throughout. 

Mr.  J.  G.  Jones:  If  the  negative  were  changed  you  would  have 
to  make  it  the  same  size — seventy-eight  thousandths. 

Dr.  Story:  I  have  understood  that  this  punch  is  more  expensive 
than  the  former  one.  If  the  camera  manufacturers  found  they  had 
to  change  to  a  new  form  of  sprocket,  would  such  a  change  increase 
the  cost. 

Mr.  J.  G.  Jones:  They  would  not  have  to  change  the  sprocket 
but  the  pilot  pin  would  have  to  be  increased  in  width. 

Mr.  Richardson:  In  practical  projection  one  of  the  most  de- 
structive and  frequent  troubles  is  the  cracking  of  sprocket  holes. 
Have  there  been  tests  made  to  show  relative  actual  straining  dif- 
ferent forms  of  sprocket  holes  will  stand  in  relation  to  the  corner  of 
the  sprocket  hole? 

Mr.  J.  G.  Jones:  by  the  wear  and  tear  method? 

Mr.  Richardson:  No.  I  mean  the  pulling  surface.  What  dif- 
ference in  strength  would  it  make? 

Mr.  J.  G.  Jones:  It  would  make  considerable  difference. 

Mr.  R.  C.  Hubbard:  Mr.  Jones  has  given  us  no  figures  but 
simply  said  that  one  was  better. 

Mr.  J.  G.  Jones:  Between  25%  and  50%  in  the  life  of  the  film. 


Mr.  R.  C.  Hubbard:  About  the  increased  size  of  the  hole: 
I  don't  understand  why  this  should  add  to  the  life. 

Mr.  J.  G.  Jones:  It  reduces  the  interference  of  the  film  on  the 
sprockets.  Some  film  has  to  be  shrunk  before  it  will  run  without 
interference  on  existing  sprockets. 

Dr.  Story:  I  suggest  that  Mr.  Jones  draw  a  picture  indicating 
the  old  perforation  and  the  new. 

(Drawing  made  on  blackboard.) 

Mr.  Richardson:  There  is  the  point.  Examined  under  the 
microscope  in  most  cases  the  crack  starts  here  (indicating) .  Doesn't 
it  stand  to  reason  that  with  this  corner  eliminated  the  tendency  to 
crack  has  been  reduced? 

Mr.  Davidson:  What  effect  might  this  have  on  steadiness  of 
picture? 

Mr.  J.  G.  Jones:  It  is  improved  because  it  holds  up  longer. 

Mr.  Davidson:  I  think  on  a  torn  film  this  is  true. 

Mr.  J.  G.  Jones:  On  all  sprocket  teeth  the  edge  of  the  film  lands 
here  (drawing) ;  that  gives  the  correct  register.  The  film  is  being  held 
back  by  the  tension  at  the  gate. 

Mr.  Richardson:  That  is  impractical,  because  as  soon  as  the 
tooth  wears  a  little,  the  projector  is  no  good  until  a  new  sprocket 
is  put  in. 

Mr.  Kelley:  Do  you  mind  making  a  drawing  of  the  Bell  & 
Howell  perforation  and  where  you  recommend  the  increase? 

Mr.  J.  G.  Jones:  The  modified  one  is  like  this  (drawing)  which 
makes  this  so  small  (indicating). 

Mr.  Jenkins  :  I  am  heartily  in  favor  of  the  new  shape  but  confess 
I  don't  like  to  change  the  width.  I  think  if  we  keep  the  present 
dimensions,  we  can  eliminate  the  difficulties  in  printing  machines 
where  pilot  pins  are  used  to  register  positive  and  negative,  and  I 
cannot  see  where  we  gain  anything  for  if  the  sprocket  should  change 
we  must  change  the  film  again  next  year.  I  am  certainly  opposed  to 
a  change  in  the  dimensions  of  the  perforations  although  I  am  heartily 
in  favor  of  the  shape. 

Mr.  J.  G.  Jones:  I  don't  know  of  any  machine  registering  by  the 
width  of  the  perforation. 

Mr.  Jenkins  :  I  know  I  used  to  do  this,  but  I  don't  think  I  am 
allowed  to  press  this  point  because  we  make  very  few  printers,  but  I 
am  opposed  to  changes  in  film  standards  any  time.  To  change 
standards  is  worse  than  changing  the  clocks.  I  think  that  what 
should  be  changed  is  the  sprocket  but  not  the  film,  so  we  can  make 
machines  by  the  standard  prints  in  the  Transactions.  I  want  the  film 
left  standard  unless  there  is  some  more  weighty  argument  apart 
from  the  sprockets  not  fitting  the  film.  I  don't  like  to  see  changed 
the  standard  used  for  so  long. 

Mr.  Kelley:  I  should  like  to  give  a  little  illustration  for  the 
benefit  of  Mr.  Jones.  He  states  that  the  elimination  of  shrinkage  in 
printing  does  not  involve  the  width  of  the  perforation.  By  the 
method  we  use,  however,  the  width  of  the  perforation  is  of  vital  im- 
portance and  increasing  the  width  of  the  positive  perforation  to 
eighty-seven  thousandths  and  leaving  the  width  of  the  negative  per- 
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f oration  at  its  present  value,  eighty- three  thousandths,  would  make 
it  impossible  for  us  to  continue  using  our  present  method  of  registra- 
tion. We  could  use  the  new  perforation  proposed  by  Bell  &  Howell 
but  not  the  one  proposed  by  the  Committee. 

Dr.  Story:  I  should  like  to  ask  Mr.  Kelley  if  he  could  use  that 
new  type  of  perforation  if  the  width  were  made  seventy-three 
thousandths  in  height  instead  of  seventy-eight  thousandths. 

Mr.  Kelley:  I  think  so. 

Dr.  Gage  :  When  the  committee  was  examining  into  this,  what 
reasons  were  there  that  it  was  thought  there  would  be  a  benefit 
in  increasing  the  sprocket  hole  from  seventy-three  to  seventy-eight 
thousandths  of  an  inch? 

Mr.  J.  G.  Jones:  Because  of  the  interference  with  the  sprocket 
teeth. 

Dr.  Gage  :  Why  would  it  be  necessary  to  increase  the  sprocket 
holes?  Why  not  reduce  the  sprocket  teeth?  If  the  sprocket  teeth 
were  made  correctly  at  first,  I  think  there  would  be  no  need  for  the 
increase  in  size  of  the  sprocket  holes. 

Mr.  J.  G.  Jones:  It  is  very  difficult  to  make  the  sprockets  with 
the  precise  dimensions  required  and  for  the  price  obtained  for  them. 

Dr.  Story:  As  I  recall,  the  Committee  on  Film  Perforations  was 
directed  to  determine  that  perforation  which  will  run  most  success- 
fully on  the  existing  machines.  That  this  perforation  is  not  the 
same  as  the  Society  standard  is  most  unfortunate  in  that  it  shows 
that  the  average  sprocket  has  not  the  proper  dimensions  for  the 
film  for  which  the  sprockets  were  all  designed.  If  the  standard 
should  be  changed  is  there  any  surety  that  in  a  short  time  the  sprocket 
would  not  again  be  the  wrong  size? 

Mr.  Jenkins:  I  admit  all  that,  but  why  change  the  film?  Why 
not  the  sprocket?     That  is  my  point. 

Mr.  J.  G.  Jones:  If  they  were  changed,  it  would  conform  to 
that  perforation. 

Mr.  Jenkins:  Surely,  it  would,  and  the  fellows  making  sprockets 
would  have  it  changed  while  all  the  film  perforation  remains  one 
size.  It  seems  so  clear  to  me  that  I  am  surprised  the  recommenda- 
tion has  been  made.  It  is  sprocket  teeth  that  give  the  trouble,  not  the 
film.  That  is  the  same  result  without  changing  the  film;  it  would 
fit  both  positive  and  negative. 

Mr.  Richardson:  Cracking  at  the  corners  of  the  perforations 
frequently  occurs  after  the  second  run  of  the  film,  and  I  think  in 
many  cases  this  is  due  to  excessive  tension  at  the  aperture  of  the 
projector,  especially  in  cases  where  the  film  sprocket  has  been  used 
too  long  and  has  suffered  excessive  wear.  After  the  projector  has 
been  in  use  for  some  time,  you  will  find  that  the  teeth  on  the  inter- 
mittent sprocket  show  excessive  wear  at  the  base,  resulting  in  what 
we  may  term  "under-cutting."  Without  rounded  corners  in  the 
sprocket  holes,  the  film  suffers.  If  you  do  away  with  the  fillet  you 
must  and  will  make  the  condition  worse.  I  am  not  interested  so  much 
in  the  laboratory  results  as  in  the  projection  of  the  film  afterwards, 
and  this  is  the  condition  we  have  to  contend  with. 

President  Porter:  I  think  the  obvious  way  to  obtain  a  deci- 
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sion  in  this  matter  is  to  refer  it  to  the  Standards  Committee  and  at  a 
later  session  they  can  give  us  their  report. 

Dr.  Gage:  I  think  we  have  discussed  this  to  the  point  where 
the  members  present  can  express  an  opinion,  and  I  think  it  is  the 
sense  of  those  present  that  the  report  be  printed  as  it  is  and  that  we 
recommend  that  the  Committee  on  Film  Perforations  take  into 
serious  consideration  the  possibility  of  maintaining  the  outside  di- 
mensions at  .110  and  .073  (as  in  the  present  standard),  the  only 
change  being  that  the  corners  are  rounded.  I  think  it  should  be 
further  recommended  that  the  Committee  take  into  consideration  the 
effect  of  narrowing  down  the  sprocket  teeth  in  the  direction  of  the 
circumference  of  the  circle  in  order  to  prevent  the  film  riding  on 
the  teeth.  This  change  in  sprocket  tooth  dimension  would  take  care 
of  the  troubles  experienced  with  the  present  film  and  permit  the  new 
standard  with  rounded  corners  to  retain  the  same  perforation  width. 
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REPORT  OF  LABORATORIES  COMMITTEE 

YOUR  Committee  regrets  that  no  progress  towards  the  standardi- 
zation of  laboratory  practice  can  be  presented  in  this  report. 

The  matter  of  standardizing  laboratory  methods  is  one  of  great 
importance  to  the  industry  as  a  whole.  In  the  various  branches  of 
work  leading  to  the  finished  motion  picture  a  high  degree  of  technical 
skill  is  necessary  and  standardization  is  in  effect,  the  laboratories 
being  practically  trie  only  branch  that  work  under  rule-of-thumb 
methods;  it  is  of  course  true  that  several  of  the  finer  laboratories  are 
operating  on  strictly  sound  and  scientific  principles,  but  the 
majority  work  under  conditions  which  are  not  conducive  to  uniformly 
good  results.  It  necessarily  follows  that  such  laboratories  are 
operating  at  reduced  efficiency  as  to  quality  and  out-put,  and  are 
also  sustaining  a  wastage  and  expense  which  a  good  many  labora- 
tory executives  look  upon  as  an  unavoidable  evil  of  the  business. 

About  a  month  ago  your  Chairman  sent  out  a  carefully  worded 
letter  to  approximately  fifty  laboratories — the  best  in  the  country. 
The  letter  was  not  inquisitive;  not  seeking  after  any  trade  secrets, 
but  merely  to  ascertain  if  co-operation  would  be  forthcoming  towards 
standardizing  the  basic  operating  principles  of  a  finishing  laboratory. 
The  result  was  most  disappointing,  only  two  laboratories  replied: 
Rothacker  and  Goldwyn.  Both  of  them  expressed  sympathy  with  the 
scheme  and  willingness  to  co-operate.  Your  committee  seeks  the 
sanction  of  the  Society  to  send  out  a  questionnaire  in  the  hope  that 
some  details  of  laboratory  practice  may  be  obtained  in  time  for  the 
fall  convention  report.  A  suggested  outline  of  the  questionnaire 
follows: 

Equipment 
Printing  Machinery 

What  type  used?    (Step  or  Continuous?)  Which  preferred? 

What  speed  in  feet  per  minute? 

What  source  of  light? 

What  type  of  light  changing  device?  (Automatic  or  semi-auto- 
matic?) 

How  many  light  changes? 

What  standard  of  notching  negative?    Which  side  and  how  far 
from  splice? 

What  device  if  any  for  insuring  contact  between  negative  and 
positive  at  printing  aperture,  and  what  troubles  with  it? 
Developing  Machinery 

Hand  frame  or  automatic?    If  both,  in  what  proportion? 

What  type  of  machine?    (Tube,  Deep  tank,  Flat  tank?) 

What  capacity?    What  speed  in  feet  per  minute? 
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Approximately  how  much  film  immersed  in  developer? 

What  standards  of  temperature? 

What  drying  rate  and  what  air  allowances? 

What  provision  for  bath  circulation? 
Splicing  Apparatus 

What  type?    (Freehand,  Block,  or  Machine?; 

What  advantages  or  disadvantages? 

What  standard  for  width  of  splice? 
Polishing  and  Waxing  Machinery 

What  type  and  how  much  used? 
Inspection  Projectors 

What  type? 

How  many  feet  per  minute  for  inspection? 

What  source  of  light? 

How  many  foot-candles  or  lumens  on  examining  screens? 

Product 

Average  footage? 

Proportions  of  Black  and  white,  tinting,  toning,  and  colored 
stock? 

Average  laboratory  reprint? 

Standards  of  density? 

Classification  of  customer's  complaints  and  demands? 

Laboratory  complaints  and  comments  about  customers? 

Your  committee  from  close  contact  with  the  laboratory  situation 
realize  how  difficult  it  is  to  interest  the  laboratory  operators  in  matters 
of  standardization,  almost  every  laboratory  seems  to  have  its  own 
pet  formulae  and  methods,  and  do  not  seem  to  realize  that  the  cut- 
and-try  and  print-it-over  laboratory  will  not  live  long  against  the 
automatic  machine  laboratory  or  the  hand  laboratory  under  proper 
technical  control. 

Laboratory  Practice  at  Present 

I.  Development  of  negative:  There  has  been  little  change  in  the 
past  year  or  so  in  methods.  All  negatives  are  developed  on  wooden 
racks  by  hand  operation.  Developing  agents  and  formulae  are  as 
varied  as  the  colors  in  David's  coat.  The  most  popular  are  Metol- 
Hydro,  and  Pyro. 

II.  Preparation  of  Negative  for  Printing:  There  has  been  a 
tendency  toward  larger  rolls  due  to  the  introduction  of  Developing 
Machines.  Splicing  has  been  greatly  improved  due  to  the  introduc- 
tion of  very  accurate  splicing  machines.  Notching  for  scene  changes 
varies  with  each  type  of  printing  machine.  (This  is  a  matter  which 
needs  standardizing.) 

III.  Printing  Machines:  Experimental  work  has  been  going 
on  to  improve  Step  Printers  but  has  not  reached  a  consummation. 
We  might  say  that  there  is  being  tested  out  at  the  present  time  in 
New  York  a  new  type  of  Rapid  step  printer,  which  is  put  out  by  a 
well  known  Chicago  concern.  We  should  have  a  definite  report  on 
the  performance  of  the  same  by  the  fall  convention. 

Continuous  printers  have  reached   a  very  refined  state,   and 
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when  kept  in  a  perfect  mechanical  condition  will  print  from  a  new 
negative  at  a  faster  speed  and  with  very  good  results. 

The  need  today  is  a  machine  to  print  in  one  thousand  foot  rolls, 
with  an  unlimited  number  of  light  changes,  and  which  is  as  nearly 
fool-proof  as  possible. 

Also  source  of  light  should  be  improved.  Could  a  lamp  be 
devised  which  would  give  a  light  in  which  the  actinic  value  would  not 
vary  more  than  ten  per  cent  during  the  life  of  the  lamp? 

IV.  Developing  (Positive) :  There  have  been  very  great  changes 
in  the  past  year  or  so.  Approximately  60%  of  positive  is  being 
developed  by  processing  machine.  We  find  machines  of  many  types. 
In  many  cases  each  laboratory  having  made  their  own.  This  has 
been  induced  by  the  necessity  of  reducing  laboratory  costs.  Sad  to 
state  some  of  these  machines  have  been  designed  and  built  vithout  the 
requisite  mechanical  knowledge,  and  best  film  engineering  practice. 
However,  the  start  is  in  the  right  direction.  This  is  a  field  of  which 
this  society  should  take  cognizance. 

The  questions  of  time  film  is  immersed  in  developer,  temperature 
of  solutions,  time  and  air  conditions  for  drying  have  a  very  definite 
relation  to  quality  of  products  and  life  of  film. 

We  might  state  that  machines  may  be  classified  as, 
Tube  Straight  Line  Machine 
Deep  Tank  Straight  Line  Machine 
Deep  Tank  Spiral  Line  Machine 
Flat  Tank  Spiral  Line  Machine 

V.  Tinting  and  Toning:  Tinting  has  been  practically  eliminated 
due  to  the  introduction  of  colored  stock. 

Toning  is  being  done  much  the  same  and  with  the  same  old 
troubles.  Some  toning  has  been  done  by  machine  but  with  what 
success  we  are  unable  to  state. 

VI.  Splicing:  A  great  many  splices  have  been  eliminated  due 
to  the  introduction  of  developing  machines.  Splices  generally  are 
being  made  more  accurately  and  machinery  has  been  much  improved. 

VII.  Waxing:  Waxing  machines  have  been  introduced  into  a 
great  many  laboratories.  What  the  result  to  life  of  film  has  been, 
only  the  Exchange  man  knows. 

VIII.  Inspection  Projectors:  The  precision  Machine  Company 
make  a  special  laboratory  Inspection  Projector.  Whether  any  other 
manufacturers  put  out  such  a  machine  we  cannot  say.  However  the 
standard  of  quantity  of  light  on  the  inspection  screen  should  be 
definitely  recommended  by  this  Society.  We  offer  a  standard  of  ten 
Lumen's  or  foot  candles  on  screens  not  less  than  3  feet  x  4  feet  or 
more  than  6  feet  x  8  feet. 

Your  committee  believes  that  the  activities  of  the  Laboratories 
Committee  and  the  Films  and  Emulsions  Committee  overlap,  and 
that  for  the  future  the  activities  of  these  two  committees  should  be 
carefully  detailed.  At  the  present  time  the  Films  and  Emulsions 
Committee  is  dealing  with  several  matters  which  properly  belong  to 
the  Laboratories  Committee,  particularly  automatic  machine  develop- 
ment, and  some  of  the  things  which  have  been  suggested  for  the 
Laboratories  Committee  more  rightfully  belong  to  the  Films  and 
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Emulsions  Committee.  The  matter  of  standardizing  laboratory 
methods  is  unquestionably  an  important  one  and  it  is  hoped  that  this 
report  may  arouse  the  interest  of  progressive  laboratory  men  and 
bring  forth  the  hearty  co-operation  which  is  desired. 

(Signed)  Alfred  B.  Hitchins, 
Chairman. 


312 


DISCUSSION 

Me.  Crabtree:  I  think  it  is  desirable  to  stipulate  more  pre- 
cisely what  matters  each  committee  should  deal  with.  I  think  the 
Laboratories  Committee  could  handle  the  work  of  the  Emulsion 
Committee.  There  are  certainly  not  enough  new  developments  in 
connection  with  motion  picture  emulsions  to  justify  a  special  com- 
mittee for  the  purpose. 

Mr.  Doolittle:  I  understand  Mr.  Jones  to  say  that  a  standard 
illumination  of  10  foot  candles  on  the  screen  is  suggested. 

Mr.  L.  A.  Jones:  Yes,  that  is  correct.  I  should  like  to  call 
attention  to  the  recommendation  of  10  foot  candles  as  standard 
screen  illumination.  The  report,  of  course,  only  suggests  that  that  be 
adopted.  It  seems  to  me  that  the  thing  to  be  specified  is  screen 
brightness,  which  includes  both  illumination  and  screen  surface  re- 
flecting power.  The  foot  candle  is  the  unit  of  illumination  and  if 
it  is  desired  to  specify  brightness  another  unit  should  be  used,  such 
as  the  millilambert  or  apparent  foot  candles.  We  have  found  from 
a  good  many  measurements  in  some  of  the  larger  and  better  equipped 
theatres  that  the  screen  brightness  with  the  machine  running  and  no 
film  in  position  averages  around  7.0  apparent  foot  candles,  which  is 
almost  numerically  equivalent  to  the  value  expressed  in  millilamberts. 

Mr.  Richardson:  In  that  connection,  how  can  you  standardize 
screen  illumination  until  you  have  standardized  auditorium  illumina- 
tion? The  screen  illumination  that  is  bright  in  a  dark  theatre  may  be 
very  poor  in  a  well  lighted  one.  Those  are  matters  of  contrast,  and 
you  must  first  standardize  the  auditorium  brilliancy,  it  seems  to  me. 

Mr.  Palmer:  As  I  understand  the  paper,  it  was  meant  to  apply 
to  screen  illumination  in  a  film  inspection  room,  which  is  always  dark, 
and  it  could  be  standardized  in  a  room  of  this  kind  without  paying 
attention  to  the  room  lighting. 

Mr.  H.  C.  Hubbard:  In  making  the  recommendation  I  had  in 
mind  that  a  great  many  laboratories  have  their  examining  rooms  with 
different  amounts  of  light  on  the  screen,  and  naturally  the  product 
will  get  out  with  different  grades  of  density,  because  that  is  where 
the  laboratory  decides  whether  the  film  is  correct  or  not,  and  the  sug- 
gestion of  10  lumens  was  only  made  from  my  own  experience.  I 
believe  it  is  higher  than  most  theatres,  but  I  believe  this  is  necessary 
because  the  screen  is  smaller — why,  I  don't  know. 

Mr.  L.  A.  Jones:  I  think  Mr.  Richardson's  point  was  well 
taken,  because  if  we  standardize  the  screen  brightness  in  the  screening- 
room,  the  value  adopted  should  be  one  which  will  give  the  same 
appearance  to  the  picture  as  when  run  in  the  theatre,  and  that 
depends  on  the  theatre  illumination.  I  do  not  mean  this  should  not 
go  in  the  report,  but  it  should  receive  further  considerations  before 
it  is  recommended  by  the  Society. 
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REPORT  OF  COMMITTEE  ON  STANDARDS 
May,  1923 

THE  Committee  on  Standards  presented  certain  recommendations 
to  the  Society  at  its  last  meeting.     Of  these  it  was  voted  the 
following  be  brought  up  for  second  action  at  this  convention. 
Dimensional  Standards 
Frame  Line 

Standard  Film — The  frame  line  shall  be  half  way  between 
two  successive  perforations  on  each  side 
of  the  film. 
Safety  Standard — The  frame  line  shall  pass  through  the 
Film  center  of  a  perforation  on  each  side  of  the 

film. 
Lantern  Slide    —Three  (3)  inches  (76.20mm.)  wide  by  two  and 
Mat  opening  one  quarter  (234)  inches  (57.15mm.)  high. 

Recommended  Practice 

Projection  Lens — Tolerance  not  to  exceed  one  per  cent  of  that 
Focal  Length         indicated. 

Projection  Lens — Should  be  such  that  light  from  all  parts  of 
Mounting  the  aperture  shall  have  an  uninterrupted  path 

to  the  entire  surface  of  the  lens* 
Thumb-Mark    — The  thumb-mark  on  a  lantern  slide  should  be 
located  in  the   lower   left-hand   corner   next 
the  reader,  when  the  slide  is  held  so  it  can  be 
read  normally  against  the  light. 
At  present  the  standards  of  the  Society  include  dimensions  of  the 
so-called  "Motion  Picture  Aperture."     The  Committee  has  recom- 
mended that  this  be  called  "Motion  Picture  Projector  Aperture"  to 
distinguish  it  from  the  apertures  of  cameras  and  printing  machines. 
This  suggestion  was  accepted  tentatively  at  the  last  meeting,  and  is 
now  presented  for  second  action. 

The  matter  of  film  perforation  has  been  discussed  during  the 
present  session  in  connection  with  the  report  of  the  Committee  on 
Film  Perforations,  and  been  referred  back  to  that  committee  for 
further  consideration. 

There  are  three  items  still  before  the  Committee. 

(1)  Core  diameter  for  raw  negative  stock. 

(2)  Dimensions  of  the  apertures  of  cameras  and  printers. 

(3)  Radius  of  aperture  corners. 

Opinion  on  the  first  of  these  seems  so  varied  as  to  allow  little  hope 
of  any  recommendation  by  the  Committee.  A  general  discussion  by 
the  Society  of  these  three  subjects  would  be  of  great  assistance  to  the 
Committee  in  its  future  considerations. 

W.  E.  Story,  Jr., 

Chairman. 
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(On  Page  315) 

SUMMARY 

The  following  standards,  having  been  before  the  Society  for  a 
period  of  six  months,  were  considered  at  this  .session  and  officially 
adopted  by  action  of  the  Society. 

(1)  Frame  Line — Standard  Film. 

(2)  Frame  Line — Safety  Standard  Film. 

(3)  Lantern  Slide  Mat  Opening. 

(4)  Motion  Picture  Projector  Aperture — Dimensions. 

(5)  Projection  Lens  Focal  Length. 

(6)  Thumb  Mark. 

It  was  pointed  out  by  Dr.  Storey,  Chairman  of  the  Committee, 
that  the  dimensions  of  the  camera  and  printer  apertures  may  be 
different.  This  excited  considerable  discussion,  and  by  motion  of 
the  Society  the  subject  of  standard  dimensions  for  camera  and 
printer  apertures  was  referred  back  to  the  Committee  for  further 
consideration. 


SUMMARY 

The  following  standards,  having  been  before  the  Society  for  a 
period  of  six  months,  were  considered  at  this  session  and  officially 
adopted  by  action  of  the  Society: 

1.  Frame  Line — Standard  Film. 

2.  Frame  Line — Safety  Standard  Film. 

3.  Lantern  Slide  Mat  Opening. 

4.  Projection  Lens  Focal  Length. 

5.  Thumb  Mark. 

"Standard  dimensions  for  motion  picture  aperture"  were  offered 
by  the  Standards  Committee.  It  was  pointed  out  by  Dr.  Story, 
Chairman  of  the  Committee,  that  it  is  desirable  to  specify  that 
these  dimensions  are  intended  to  apply  to  the  motion  picture  projector 
aperture,  since  the  dimensions  of  the  camera  aperture  and  printing 
machine  aperture  may  be  different.  This  excited  considerable 
discussion  and  by  motion  of  the  Society  the  subject  of  standard 
dimensions  for  all  apertures  was  referred  back  to  the  Committee  for 
further  consideration. 
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DISCUSSION 

Frame  Line — Standard  Film: 

(No  discussion). 
Frame  Line — Safety  Standard  Film: 

(No  discussion). 
Frame  Line — Lantern  Slide  Mat  Opening: 

Mr.  Richardson:  That,  I  believe,  is  the  same  proportion  as 
the  motion  picture  frame,  is  it  not? 

Dr.  Story:  I  don't  know;  I  haven't  figured  it  out. 

Mr.  Jenkins:  I  think  Mr.  Richardson  is  right.  My  recollection 
is  that  a  committee  once  figured  it  out  as  a  ratio  of  3  to  4,  so  if  Dr. 
Story  quoted  it  from  a  previous  report,  he  is  right. 

Dr.  Story:  The  dimensions  appearing  in  this  standard  have 
been  adopted  already.  It  has  been  brought  up  again  only  because 
the  wording  was  changed  slightly  and  the  word  "millimeter"  added. 

Mr.  Richardson:  Unless  a  stereopticon  picture  fits  the  frame 
it  is  not  right,  and  I  think  we  must  be  sure  about  this. 

Mr.  Doolittle:  The  two  and  a  quarter  by  three  makes  a  ratio 
of  3  to  4. 

Mr.  Nixon:  This  definition,  of  course,  has  in  mind  the  motion 
picture  screen,  but  I  think  we  should  take  into  consideration  that  the 
makers  of  lantern  slides  have  used  two  and  three-quarters  by  three, 
and  all  tables  are  figured  on  this  basis. 

Mr.  Jenkins:  That  is  just  the  reason  that  we  are  trying  to 
make  a  standard  lantern  slide  opening.  The  lantern  slide  will  then 
fit  the  motion  picture  screen  of  standard  proportions. 

Mr.  Nixon:  I  understand  that  but  raised  the  point  because  you 
will  find  that  the  manufacturers  of  lantern  slides,  the  Keystone  View 
Company  and  others,  allow  cutting  off  in  height,  something  not  alto- 
gether desirable  in  educational  pictures. 

Mr.  Richardson:   I  don't  think  this  an  unsurmountable  objec- 
tion.   They  can  make  it  so  that  they  will  include  all  necessary  things 
and  still  conform  to  the  motion  picture  proportions. 
Projection  Lens  Focal  Length: 

Dr.  Story:  Some  indirect  reports  from  lens  makers  indicate  that 
this  is  an  almost  impossible  condition  to  meet  in  practice,  but  officially 
no  information  has  been  secured  that  would  lead  us  to  the  omission 
of  this  item. 

Dr.  Kellner:  The  definition  is  correct.    Projection  lenses  have 
been  made  for  several  years  in  accordance  with  this  tolerance. 
Projection  Lens  Mounting: 

(No  discussion.) 
Thumb  Mark: 

(No  discussion.) 
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Motion  Picture  Aperture:  Standard  Film 
Motion  Picture  Aperture:  Safety  Standard  Film 

Dr.  Story:  The  Committee  recommends  changing  the  above 
title  to  "Motion  Picture  Projector  Aperture."  There  are  three  motion 
picture  apertures  recognized  by  the  Industry — the  aperture  in  the 
camera,  that  in  the  printing  machine,  and  that  in  the  projector.  The 
Incorporated  Association  of  Kinematograph  Manufacturers  has 
standardized  each  of  these;  the  camera  having  the  smallest  and  the 
printing  machine  the  largest  in  order  that  the  screen  picture  shall 
have  a  black  border  projected  with  it,  as  it  were.  If  our  Society 
thinks  the  advantage  gained  is  not  worth  the  adoption  of  dimensions 
for  all  three  of  these  apertures,  it  would  at  any  rate  seem  that  the  one 
standardized  should  be  specified. 

It  is  claimed  that  if  such  a  black  border  is  projected  with  the 
picture,  any  jump  of  the  picture  is  less  noticeable  on  the  screen. 

In  the  camera  the  English  use  the  smallest  of  the  three  apertures, 
and  when  they  print  they  use  the  largest,  which  makes  a  black  border 
around  each  picture  on  the  positive  film.  The  projector  aperture 
being  intermediate  in  size  allows  part  of  the  black  border  to  be 
projected.  The  Committee  on  Standards  would  appreciate  any 
suggestions  the  Society  has  in  this  regard. 

Mr.  R.  C.  Hubbard:  Doesn't  American  standard  do  the  same? 

Dr.  Story:  We  have  adopted  only  one  motion  picture  aperture 
size  and  have  not  specified  until  the  present  meeting  which  one  it  is 
to  be. 

Mr.  Richardson:  The  black  border  would  have  this  advantage; 
A  certain  amount  of  dust  gathers,  with  the  result  that  at  present  we 
see  projected  with  a  picture  what  looks  like  brickbats  around  the 
edges  of  the  picture  although  they  are  really  smaller  than  the  head  of 
a  pin.  It  has  this  disadvantage,  however:  Some  years  ago,  before 
there  was  a  Societj^  of  Motion  Picture  Engineers,  I  started  a  move- 
ment to  put  a  black  border  around  a  picture  for  two  reasons:  First, 
that  the  pictures  should  overlap  an  inch  or  two  so  that  any  movement 
in  the  picture  as  a  whole  would  not  be  visible  to  the  audience ;  second, 
to  cause  the  picture  to  "stand  out"  better.  The  present  plan,  I 
think,  would  not  be  satisfactory.  It  would  prevent  dust  on  the  aper- 
ture edges  from  showing  on  the  screen  but  would  make  the  movement 
of  the  picture  as  a  whole  more  visible.  However,  projectors  are  so 
improved  that  in  the  good  theatres  there  is  very  little  movement  of 
the  picture  on  the  screen.  In  theatres  where  worn  mechanism  are 
used,  the  effect  is  very  visible. 

Dr.  Story:  There  would  be  movement  of  the  picture  with 
respect  to  the  border  of  the  screen,  but  this  method  makes  the  outside 
of  the  projected  picture  black,  so  that  there  are  no  stationary  lights 
near  it  to  make  the  motion  noticeable. 

Mr.  Richardson:  With  the  black  edge  projected,  it  will  move 
on  the  white. 

Dr.  Story:  That  is  true,  but  the  question  is  whether  the  black 
edge  should  move  as  in  the  English  recommendation  or  whether  some 
parts  of  the  picture  should  disappear  and  appear  as  they  go  in  and 
out  of  the  black  border,  as  in  our  practice. 
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Mr.  Richardson:  That  is  something  I  should  not  like  either  to 
approve  or  condemn  until  I  had  considered  it.  I  am  only  bringing 
up  the  points  for  your  consideration. 

Dr.  Story:  One  other  possible  objection  is  in  the  case  of  talking 
movies ;  if  the  edge  of  the  film  is  ever  needed  for  the  photographic 
record  of  the  sound. 

Mr.  Crabtree:  When  the  aperture  is  distorted  to  correct  for 
non-alignment  of  the  projector  and  the  screen,  the  black  border  on 
the  film  would  destroy  this  effect. 

Mr.  Theiss:  I  know  from  personal  experience  seven  or  eight 
years  ago  that  the  aperture  of  the  cameras  was  one  thirty-second  of 
an  inch  smaller  than  was  at  that  time  considered  standard. 

Dr.  Story:   What  was  the  aperture  of  the  printing  machine? 

Mr.  Theiss:  One  thirty-second  of  an  inch  larger  than  the  pro- 
jector. 

Mr.  Jenkins:  The  point  Dr.  Story  has  not  brought  out  as 
clearly  as  he  might  is  that  the  movement  is  not  observed  because  the 
eye  does  not  fix  on  it,  and  I  heartily  approve  the  suggestion.  On 
the  other  hand,  it  is  easier  to  maintain  the  picture  in  frame  with  a 
black  border  with  a  frame  line.  Perhaps  some  of  us  remember  how 
pictures  were  projected  in  the  beginning  with  no  fixed  plan — some 
had  a  white  frame  line  and  others  none  at  all  which  was  visible,  but 
the  black  frame  line  is  without  doubt  very  desirable.  Whether  it 
should  be  black  on  the  sides  is  of  less  importance,  but  a  frame  line 
moves  with  the  picture,  so  that  the  eye,  having  nothing  left  to  focus 
on,  sees  less  movement  than  it  would  otherwise. 

Dr.  Story:  One  difficulty  is  that  our  projection  aperture  differs 
from  the  English,  so  we  cannot  adopt  their  apertures  for  the  camera 
or  the  printing  machine.  The  committee  can  make  no  recommenda- 
tion at  present. 

President  Porter:  What  action  do  you  suggest? 

Dr.  Story:  I  should  like  an  expression  from  the  Society  as  to 
whether  it  is  worth  while  for  the  committee  to  make  a  recommenda- 
tion of  definite  dimensions.  It  means  a  good  deal  of  work,  but  if  the 
Society  approves,  we  shall  try  to  recommend  definite  standard  di- 
mensions for  the  camera  and  printing  machine  apertures. 

Mr.  Capstaff:  I  suggest  that  if  anything  is  done  to  standardize 
these  apertures,  that  it  be  made  international. 

Dr.  Story:  Unfortunately,  we  have  just  adopted  a  standard 
different  from  the  English  one.  This  is  one  of  the  standards  which 
the  Society  adopted  before  the  English  adopted  theirs.  I  am  sure 
it  would  be  difficult  to  switch  to  the  English  standard  for  projection 
machines. 

Mr.  Jenkins  :  Maybe  the  doctor  will  tell  us  which  is  the  wider 
of  the  two. 

Dr.  Story:  The  English  projectors  are  .950  inch  as  compared  to 
our  .906  inch,  and  the  height  of  the  English  is  .725  inch  compared  to 
our  .6795  inch.  Their  printer  has  an  aperture  width  of  one  inch;  in 
other  words,  they  allow  a  twentieth  of  an  inch  more  in  the  printer 
than  in  the  projector,  whereas  the  camera  is  .925  inch;  that  is,  it  is 
one-fortieth  of  an  inch  less  than  the  projector  width. 
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Mr.  Richardson:  If  you  entertain  this  motion,  I  think  the 
Standards  Committee  should  be  requested  to  confer  with  the  Society 
in  England  and  other  countries  and  see  if  anything  can  be  done 
toward  an  international  standard. 

Dr.  Story:  I  confess  I  don't  think  we  will  get  anything  out  of 
that,  nor  do  I  think  we  can  persuade  our  manufacturers  to  change 
their  size.  The  English  societies  have  done  far  more  in  the  way  of 
publishing  their  standards  than  we  have. 

President  Porter:  It  seems  to  me,  gentlemen,  that  the  point  is 
whether  we  do  or  do  not  instruct  our  Standards  Committee  to  propose 
standard  dimensions  for  apertures.  If  any  one  feels  we  should  do  it, 
will  they  put  it  as  a  motion? 

Dr.  Story:  That  is,  with  a  black  border,  because  there  s  no 
use  in  standardizing  camera  aperture  unless  it  is  with  a  black  border 
projected.  Is  it  the  feeling  of  the  Society  that  we  recommend  the 
projection  of  a  black  border? 

Mr.  R.  C.  Hubbard:  I  make  a  motion  that  the  Standards  Com- 
mittee be  instructed  to  prepare  a  standard. 

(The  motion  was  made  and  duly  seconded.) 

Mr.  Richardson:  I  certainly  should  not  like  to  see  the  border 
approved  without  more  extended  consideration.  I  don't  know  what 
the  effect  of  the  black  border  would  be.  What  is  the  necessity  for 
the  black  border? 

Dr.  Story:  May  I  read  what  is  said  about  this  in  the  publication 
of  the  English  Society? 

(Section  read  from  publication.) 

Mr.  Theiss:  I  don't  think  it  is  clear  to  all  that  the  black  border 
now  on  the  screen  still  remains. 

Mr.  Richardson:  It  seems  to  me  that  it  is  the  same  effect  as 
projecting  the  unbordered  picture.  It  doesn't  seem  to  be  that  the 
effect  would  be  good,  though  I  may  be  in  error. 

Mr.  Cook:  In  the  early  days  of  the  safety  standard  in  order  to 
secure  registration  of  the  picture  always  on  the  screen,  we  used  this 
device  with  the  result  that  we  got  the  dark  border  always  in  the  pro- 
jected picture.  There  are  two  objections  to  it  not  apparent  unless 
you  have  experienced  them.  If  you  do  any  toning,  you  will  get  the 
same  effect  in  the  border  that  you  get  in  the  blacks  or  shadows  in 
the  picture,  and  another  fact  is  that  every  projectionist  tries  to  get 
his  picture  to  fill  his  already  black  bordered  screen,  and  so  he  takes 
the  machine  back  and  the  picture  goes  into  the  black  border  of  the 
screen.  There  is  no  question  that  if  your  border  moves  with  the  pic- 
ture there  is  not  the  same  effect  as  if  the  picture  is  bordered  by  the 
screen.  The  average  projectionist  will  lose  his  picture  border  in  the 
screen  border  and  it  results  in  the  magnification  of  a  reduced  picture. 
Those  are  merely  practical  applications  found  in  the  28  mm.  We 
abandoned  the  bordered  picture  later  and  took  the  aperture  mask 
itself  forming  a  part  of  the  printed  image  as  with  35  mm.  film. 

Mr.  Richardson:  Not  only  that,  but  I  will  wager  that  if  you 
put  that  on  at  the  Capitol  without  Mr.  Rothapfel's  knowledge,  he 
would  say  plenty  to  the  projectionist. 

President  Porter:    There  is  a  motion  before  the  house  that 
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the  Standards  Committee  be  instructed  to  prepare  definition  and 
dimensions  for  the  camera  projector  aperture  and  the  printing 
machine  aperture  including  the  black  border.  I  put  the  motion  there- 
fore.    Will  those  in  favor  kindly  stand? 

Mr.  Jenkins  :  May  I  ask,  am  I  voting  on  instruction  on  a  black 
border  or  to  have  the  matter  brought  up  at  the  next  meeting? 

President  Porter:  It  must  come  before  the  next  meeting. 

(According  to  the  standing  members,  the  motion  was  carried.) 

Mr.  Richardson:  I  move  that  the  Standards  Committee  be 
instructed  to  prepare  this  proposition  both  including  the  black 
border  and  without  it,  so  we  may  adopt  the  one  we  then  think  best. 

(The  motion  was  duly  passed.) 

Dr.  Story:  The  Standards  Committee  was  directed  to  submit 
suggestions  on  the  projector  aperture.  This  depends  on  the  question 
just  discussed  and  will  be  brought  up  with  it  later,  also,  on  the  size 
of  the  core  around  which  all  negative  stock  is  wrapped.  The  opinion 
on  the  last  of  these  is  so  varied  that  there  seems  to  be  little  hope  of 
arriving  at  a  recommendation.  If  any  one  is  interested,  we  shall  be 
very  glad  to  hear  from  him.  It  has  been  before  the  Committee  for  a 
year,  and  every  person  seems  to  have  a  different  idea.  Instructions 
from  the  Society  are  requested  on  this  point. 

Mr.  Palmer:  This  question  has  some  of  the  same  phases  as 
those  discussed  this  morning  on  films  and  sprocket  pitch.  The  Bell  & 
Howell  Company  make  a  camera  with  a  certain  sized  spool  and  the 
Eastman  Kodak  Company  makes  a  roll  of  film  which  will  not  fit 
the  spool,  and' it  is  a  question  which  one  will  give  in — whether  the 
camera  manufacturers  give  in  or  the  Eastman  Kodak  Company — 
and  I  think  we  should  hear  from  some  of  the  people  here  on  that 
question. 

Mr.  J.  G.  Jones:  It  seems  to  me  that  the  Bell  &  Howell  Com- 
pany should  have  arranged  for  a  core  which  would  go  in  place  of  the 
core  in  the  film.  It  has  been  standard  practice  throughout  in  the 
use  of  one  inch  cores. 

Mr.  Jenkins:  It  goes  back  to  the  reason  for  the  adoption  of  a 
larger  core.  I  should  be  happy  to  see  the  two  inch  core  adopted  for 
both.  The  reason  is  that  the  slipping  pulley  or  compensating  means 
between  the  sprocket  and  film  rewind  has  less  change  of  tension  from 
beginning  to  end,  which  I  think  is  the  reason  the  camera  men  have 
begun  with  a  larger  spool.  The  tension  on  the  rewind  at  the  begin- 
ning is  always  too  much  if  we  have  enough  to  wind  up  300  or  400 
feet  at  the  end.  Beginning  with  the  larger  core,  the  tension  can  be 
greater  with  a  larger  core.  That  is  why,  Mr.  Jones,  we  hope  you  will 
wind  all  the  film  on  a  two  inch  core.    Am  I  right? 

(Voices  of  "Yes,  sir!") 

Mr.  Theiss:  Are  negatives  being  made  in  thousand  foot  lengths? 

Mr.  J.  G.  Jones:   I  am  not  sure.    I  refer  to  the  positive  film. 

Mr.  Theiss:  I  think  it  would  be  well  to  have  a  larger  core,  but 
if  enlarged  to  2  inches,  a  400  foot  roll  of  film  would  not  fit  many  of 
the  camera  magazines. 

Dr.  Story:  You  mean  that  if  you  wound  400  feet  on  a  two  inch 
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spool  it  would  not  go  in  the  magazine  of  some  cameras  made.  That 
is  perhaps  the  strongest  argument  against  the  two  inch  core. 

Mr.  Palmer:  I  can  only  say  for  the  Bell  &  Howell  camera  that 
it  will  go  in,  and  the  film  in  the  exposed  magazine  is  wound  on  the  one 
and  seven-eighths  inch  core.  It  must  go  in  or  the  film  could  not  be 
wound  in  the  exposed  magazine. 

Dr.  Story:  The  Committee  has  no  recommendation  to  make 
relative  to  this  subject.  We  have  had  it  under  consideration  for  a  year 
and  cannot  come  to  a  decision. 

President  Porter  :  Perhaps  it  would  be  best  to  relieve  the  com- 
mittee of  this. 

Mr.  Jenkins:  I  don't  like  this.  I  think  it  would  continue  to 
pester  us  until  it  is  settled.  I  move  that  the  Standards  Committee 
recommend  to  the  manufacturers  a  two  inch  instead  of  a  one  inch  core. 

Dr.  Story:  We  have  never  had  a  recommendation  for  a  two 
inch;  it  is  one  and  seven  eighths. 

Mr.  Jenkins:  That  is  satisfactoiy. 

(The  motion  was  duly  seconded.) 

Mr.  J.  G.  Jones:  Why  one  and  seven-eighths?  Some  one  else 
will  have  one  and  fifteen  nineteenths,  and  so  forth,  and  the  Kodak 
Company  has  expensive  apparatus  for  getting  out  the  film  now. 

Mr.  R.  L.  Hubbard:  I  have  noticed  many  cameramen  lately 
have  provided  themselves  with  spools  which  have  springs  on  them 
and  which  are  the  same  size  as  film  spools.  These  work  very  satis- 
factorily and  do  away  with  the  necessity  of  rewinding  or  pulling  film 
out  of  center  of  roll. 

Mr.  Theiss:  I  think  that  a  recommendation  of  this  kind 
deserves  more  consideration  because  film  manufacturers  are  stocked 
up  with  cans  taking  400  foot  lengths,  and  it  is  a  bigger  proposition 
than  is  being  given  consideration  at  the  present  time. 

Mr.  J.  G.  Jones:  The  last  operation  on  the  film  is  perforating. 
The  Bell  &  Howell  Company  adopted  the  one  inch  core  on  their 
perforators  and  then  used  a  larger  core  for  the  camera.  They  know 
the  roll  of  film  must  fit  on  the  camera  core,  so  I  should  think  it  would 
be  up  to  them  to  make  the  change. 

Mr.  Richardson:  I  do  know  this:  that  up  to  the  formation  of 
this  society  the  industry  had  no  standards  for  anything  which  condi- 
tion created  a  great  deal  of  confusion.  I  don't  think  this  society 
should  consider  what  the  manufacturer  now  has.  We  are  not  build- 
ing for  to-day  alone.  Perhaps  the  man  with  expensive  equipment 
will  change  it  to-morrow  anyway.  I  think  we-  should  adopt  that 
which  is  right  and  plan  for  the  future. 

Dr.  Story:  It  seems  to  me  very  dangerous  to  adopt  standards 
in  that  way.  If  our  standards  mean  anything,  they  must  have  a 
backing  in  practice  and  if  you  adopt  a  standard  behind  which  there 
is  no  practice  we  have  no  surety  that  the  standard  will  ever  have  a 
following  and  without  a  following  a  standard  means  nothing.  I 
think  a  certain  amount  of  practice  is  generally  necessary  before  the 
Society  is  justified  in  adopting  a  standard. 

Mr.  Davidson:  I  heartily  agree  with  this.  Our  policy  should 
be  to  adopt  the  best  practice,  otherwise  the  standards  of  the  Com- 
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mittee  will  be  considered  a  joke.  We  don't  want  this,  and  I  think 
we  should  examine  this  until  the  best  practice  is  arrived  at. 

Mr.  Richardson:  You  must  remember  that  I  went  into  motion 
picture  projection  writing  about  fifteen  years  ago,  when  there  were 
no  standards.  After  study  I  set  up  certain  standards.  They  weren't 
used  at  first,  but  now  the  manufacturers  are  using  them,  although 
they  thought  me  crazy  at  the  time.  If  we  know  a  thing  is  right, 
we  should  stand  for  it.  If  we  adopt  what  is  right,  they  will  take  off 
their  hats  to  us  in  the  end.  I  don't  want  to  say  any  more,  but  I  do 
hold  that  this  society  must  consider  only  what  is  the  best  practice. 

Mr.  Davidson:  I  think  the  fact  that  the  Committee  has  taken 
a  year  to  study  this  and  cannot  establish  anything  shows  that  at 
the  present  time  we  have  not  sufficient  information  to  decide  on  it. 

Mr.  J.  G.  Jones:  It  seems  to  me  that  anything  in  use  for  fifteen 
or  eighteen  years  becomes  standard. 

Mr.  Jenkins:  For  fifteen  years  we  have  been  tearing  off  the 
inside  of  the  film  and  throwing  it  away.  That  is  our  practical 
answer. 

Mr.  J.  G.  Jones:  Then,  the  tearing  of  the  end  of  the  film  has 
become  standard  practice  (Laughter.) 

Mr.  R.  C.  Hubbard:  Tearing  off  the  film  is  unnecessary. 

President  Porter:  Gentlemen,  there  is  a  motion  before  the 
house  that  the  Standards  Committee  recommended  a  one  and  seven- 
eighths  inch  core.    Do  you  wish  to  discuss  it  further? 

(There  being  no  further  word,  the  motion  was  lost.) 
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REPORT  BY  COMMITTEE  ON  RECIPROCAL  RELATIONS 

THE  REPORT  this  year  will  be  somewhat  brief.    Your  chairman 
has  begun  a  compilation  of  names  of  national  and  international 

magazines  and  periodicals  dealing  with  the  Motion  Picture  In- 
dustry in  order  that  advertisers  and  readers  may  secure  in  an  easy 
manner  a  complete  list  of  such  publications. 

The  task  seemed  an  easy  one  at  first,  but  upon  investigation  it 
developed  many  difficulties.  Magazines  listed  as  dealing  with  the 
Picture  Field  did  not  always  do  so,  many  were  out  of  existence  and 
others  listed  under  wrong  addresses. 

In  order  that  the  value  of  such  a  list  would  be  unquestioned  your 
chairman  has  therefore  sent  for  all  the  magazines  about  which  he  has 
received  information  and  these  are  in  many  cases  slow  in  arriving. 
Rather  than  to  submit  a  partial  list  for  publication  in  the  present 
transaction  he  prefers  to  wait  until  the  next  meeting  when  he  promises 
a  complete  list. 

In  the  meantime,  he  will  appreciate  any  advice  from  members  of 
the  Society  as  to  foreign  journals  devoted  to  the  Motion  Picture 
Industry  and  will  also  be  glad  to  hear  from  the  publishers  of  such 
Journals  first  hand. 

Your  Chairman  again  calls  to  your  attention  the  need  of  a 
Library  devoted  to  The  Cinema  Art.  Such  a  Library  should  be 
located  in  New  York  City  and  form  part  of  a  larger  Library  where 
facilities  for  reading  and  research  could  be  obtained. 

It  is  possible  that  arrangements  could  be  made  and  it  is  assumed 
that  a  request  for  donations  of  privately  owned  books  and  clippings 
would  find  a  ready  response. 

Very  truly  yours, 

A.  F.  Victor. 


323 


Fall  1923  Meeting 

at 

OTTAWA,  CANADA,  October  1,  2,  3,  4 

Chateau  Laurier 


Make  Your  Reservations  Through 
The  Chairman 

Mr.  R.  S.  Peck 

Dept.  Trade   &  Commerce 
Bureau  of  Motion  Pictures 

Canadian  Government 
Motion  Picture  Bureau 

Ottawa,  Canada 
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Cooper  Hewitt  Electric  Co.,  95  River  Street, 
Hoboken,  N.  J. 
♦Hutchison,  Miller  R. 

233  Broadway,  New  York  City. 
Hutchison,  W.  M. 
905  N.  Wilcox  Ave.,  Hollywood,  Cal. 

♦Ives,  F.  E. 

1327  Spruce  Street,  Philadelphia,  Pa. 

♦Jenkins,  C.  Francis 

1519  Connecticut  Ave.,  Washington,  D.  C. 
♦John,  Robert 

Daylight   Film   Corp.,   229   West   28th  St.. 
New  York  City. 
♦Johnson,  M.  Bernays 

Westinghouse  Lamp  Co.,  Bloomfield,  N.  J 
♦Jones,  John  G. 

Eastman    Kodak    Co.,    Rochester,    N.    Y. 
♦Jones,  Lloyd  A. 

Kodak  Park  Bldg.,  No.  3,  Rochester,  N.  Y, 

♦Kelley,  Wm.  V.  D. 

43  Tonelle  Ave.,  Jersey  City,  N.  J. 
♦Kellner,  Dr.  Hermann 
Bausch  &  Lomb  Opt.  Co. 

635  St.  Paul  St.,  Rochester,  N.  Y. 
Keuffel,  Carl  W. 
Keuffel    &   Esser    Co.,    3rd    &   Adams    St., 
Hoboken,  N.  J. 
♦Kroesen,  J.  C. 

Edison  Lamp  Works,  Harrison,  N.  J., 
623  W.  204th  St.,  N.  Y.  City. 
♦Kunzmann,  Wm.  C. 

Suite  2,  2992  West  14th  St.,  Cleveland,  Ohio 

♦Lair,  C. 

Pathe     Cinema,     30     rue     des     Vignerons, 
Vincennes,  France. 
♦Lang,  C.  J. 

Lang  Mfg.  Works,  Box  426,  Olean,   N.  Y. 
♦Leventhal,  J.  F. 

128  East  45th  St.,  New  York  City. 
♦Little,  W.  F. 

Electrical    Testing    Laboratories,    80th    St. 
&  East  End  Ave.,  N.  Y.  C. 

♦McCauley,  J.  F. 

McCauley  Mfg.  Co.,    30    N.    Jefferson   St., 
Chicago,  111. 
McDonnell,  Wallace  A. 

4431a  North  19th  St.,  St.  Louis,  Mo. 
McGinnis,  F.  J. 
Universal  Film  Exchange,  1018  Forbes  St., 
Pittsburg,  Pa. 
♦McNabb,  J.  H. 

1801  Larchmont,  Ave.,  Chicago,  111. 
Mailey,  R.  D. 
Cooper  Hewitt  Electric  Co.,  95  River  St., 
Hoboken,  N.  J. 
Maire,  Henry  J. 
Powers  Film  Products   Co.,   230   Ridgeway 
Ave.,  Rochester,  N.  Y. 
♦Manheimer,  J.  R. 

E.  J.  Installation  Co.,   155  East  44th  St., 
New  York  City. 
♦Marette,  Jacques 

Technique   de   Pathe  Cinema,   30  Rue  des 
Vignerons,  Vincennes,  France. 
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*  Mayer,  Max 

M.    J.   Whol   &    Co.,    Payntar   Ave.,    Long 
Island  City. 
*Mechau,     Emil 

E.  Leitz  Inc.,  Rastatt,  Germany. 
*Mees,  Dr.  C.  E.  K. 

Eastman    Kodak    Co.,    Rochester,     N.    Y. 
*Mitchell,  Geo.  A. 

Mitchell  Camera   Co.,   6025   Santa   Monica 
Blvd.,  Los  Angeles,  Cal. 
Mitchell,  John  R. 
Beacon  Projector  Co.,  521  West  57th  Street, 
New  York  City. 
*Moen,  L.  C. 

Motion  Picture  News  Inc.,  729  7th  Avenue, 
New  York  City. 
Moreno,  Francisco 
Crespo  10,  Havana,  Cuba. 
*Mott,  W.  R. 

Union  Carbide  &  Carbon  Research  Labora- 
tories, Thompson  &  Nelson,  Long  Island 
City. 
*Murphy,  E.  F. 

Evans  Film  Co.,  416  W.  216  St.,  N.  Y.  C. 

Nelson,  Otto 
National  Cash  Register  Co.,  Dayton,  Ohio. 
*Nixon,  Ivan  L. 

Bausch    &    Lomb    Optical    Co.,    Rochester, 
N.  Y. 
*Norrish,  B.  E. 

Associated   Screen    News,    Albee    Bldg.,    12 
Mayor  St.,  Montreal,  Canada. 

*0'Brien,  Harold  F. 

4265    S.    Hobart   Blvd.,    Los   Angeles,    Cal. 
*Ott,  H.  N. 

Spencer  Lens  Co.,  Buffalo,  N.  Y. 

*Palmer,  M.  W. 

Famous  Players  Lasky  Corp.,  6th  &  Pierce 
Aves.,  Long  Island  City,  N.  Y. 
^Patterson,  Leo  J. 

Cinema  Machine  Corp.,  4445  Sunset  Blvd., 
Los  Angeles,  Cal. 
*Patterson,  Wm.  L. 

Bausch    &    Lomb    Optical    Co.,    Rochester, 
N.  Y. 
Peck,  Raymond  S. 
Department  of  Trade  &  Commerce,  Motion 
Picture  Bureau,  Ottawa,  Canada. 
Pennow,  Willis  A. 

209  South  St.,  Oconomowoc,  Wise. 
Perkins,  E.  G. 

704  Dollar  Bank  Bldg.,  Youngstown,  Ohio. 
Peyton,  John  T. 
116  S.  Hudson  St.,  Oklahoma  City,  Okla. 
*Pomeroy,  Roy  J. 

Famous  Players  Lasky  Studio,  Hollywood, 
Cal. 

*PoRTER,  E.   M. 

Precision  Machine  Co.,  317  East  34th  St., 

New  York  City. 
*Porter,  E.  S. 

Precision  Machine  Co.,   317  East  34th  St., 

New  York  City. 

*PORTER,   L.   C. 

Edison     Lamp     Works,     Harrison,     N.     J. 
*Powrie,  John  H. 

Warner   Research   Laboratories,   Rm.    1321, 
461  8th  Ave.,  New  York  City. 
Pratchett,  A.  B. 
Caribbean  Film  Co.,  Animas   18,   Havana, 
Cuba. 
*Proctor,  B.  A. 

618  W.  114th  St.,  N.  Y.  City. 

*Quinlan,  Walter 

Fox  Film  Corp.,  West  55th  St.  and  10th  Ave., 
New  York  City. 

*  Active  member. 


*Rabbell,  Wm.  H. 

729  7th  Ave.,  New  York  City. 
Ransdell,  Russell  R. 
Kansas  City  M  &.S  Co.,  813  Walnut  St., 
Kansas  City,  Mo. 
Ratjch,  J.  Lee 
Robertson  Cole  Studio,  780  Gower  St.,  Los 
Angeles,  Cal. 
*Redpath,  Wm. 

156  King  St.  West,  Toronto,  Ont.,  Canada. 
*Reich,  Carl  J. 

99  Hickory  St.,  Rochester,  N.  Y. 
*Renwick,  F.  F. 

DuPont    de    Nemours    Co.,    Parlin,    N.    J. 
*Richardson,  Frank  H. 

Moving    Picture    World,    516    Fifth    Ave., 
N.  Y.  C. 
*Roebuck,  A.  C. 

Enterprise   Optical   Co.,   564   W.   Randolph 
St.,  Chicago,  111. 
Rogers,  Rowland 
Picture   Service   Corp.,    71    West   23rd    St., 
New  York  City. 
*Rogers,  Stephen  C. 

General    Electric    Co.,    West    Lynn,    Mass. 
*Rose,  S.  G. 

Victor  Animatograph  Co.,  Davenport,  Iowa. 
*Rossman,  Earl  W. 
New  York  City. 

*RoTHACKER,  W.  R. 

1339      Diversey     Parkway,      Chicago,      111. 
*Rothapfel,  S.  L. 

Capitol  Theatre,  New  York  City. 
Rudolph,  Wm.  Fred 
Lasky    Realart    Studio,     20171     Occidental 
Blvd.,  Los  Angeles. 

*Schlicker,  Herman  C. 

410  10th  St.,  Milwaukee,  Wise. 
Schmitz,  Ernest  C. 
Kodak  Co.,   Cine  Dept.,   39  Avenue   Mon- 
taigne, Paris,  France. 
Sherman,  Harry 
Local  306,  M.  P.  M.  O.,  110  West  45th  St., 
N.  Y.  C. 
*Sistrom,  Wm. 

International    Film    Service,    2478    Second 
Ave.,  New  York  City. 
Sloman,  Cheri  M. 
761  Wick  Ave.,  Youngstown,  Ohio. 
*Speer,  J.  S. 

Speer  Carbon  Co.,  St.  Marys,  Pa. 
*States,  Wm.  M. 

Edison  Lamp  Works,   111.   Merchants  Bank 
Bldg.,  Chicago,  111. 
*Stechbart,  Bruno 

American  Projecting   Co.,   6229   Broadway, 
Chicago,  111. 
*Stewart,  Frank  H. 

4416    North     15th    St.,     Philadelphia,     Pa. 
*Stone,  George  E. 

Carmel,  Monterey  County,  Cal. 
*Story,  Dr.  W.  E.  Jr. 

Clark  University,  Worcester,  Mass. 
♦Summers,  John  A. 

Edison     Lamp     Works,     Harrison,     N.     J. 

*Theiss,  John  R. 

DuPont  de  Nemours  Co.,  Box  144,  Parlin, 
N.J. 
Thomas,  A.  L. 

Box  215,  Auburn,  Ala. 
Topliff,  Geo.  W. 

Ansco      Company,      Binghamton,      N.      Y. 
Tsao,  C.  K. 
106    S.    Van    Buren    St.,    Moscow,    Idaho. 

*Urban,  Charles 

71  West  23rd  St.,  New  York  City. 
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*VlCTOR,  A.  F. 

50  West  67th  St.,  New  York  City. 
Vinton,  Wm.  Chas. 
89   Wardour   St.,   London,   W.    1,   England. 

*Westcott,  W.  B. 

Technicolor    M.    P.    Corp.,    110    Brookline 
Ave.,  Boston,  Mass. 
*White,  Sam  B. 

7  Eddy  St.,  Providence,  R.  I. 
*Wible,  Harvey  M. 

Westinghouse  Elec.  &  Mfg.  Co.,  East  Pitts- 
burg, Pa. 

*  Active  member. 


*Willat,  C.  A. 

1803H  Gower  St.,  Hollywood,  Cal. 
^Williamson,  C.  M. 

Williamson  Kinematograph  Co.  Ltd.,  Willes- 
den  Green,  N.  W.   10,  London,  England. 

*WOLLENSACK,   JOHN  C. 

Wollensack  Optical   Co.,   Rochester,    N.   Y. 
Wooster,  Julian  B. 
115  Broadway,  New  York  City. 

*ZlEBARTH,   C.  A. 

1801  Larchmont  Ave.,  Chicago,  111. 
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CONSTITUTION  AND  BY-LAWS 

of  the 
Society  of  Motion  Picture  Engineers 

Name 

1.  The  name  of  this  association  shall  be  Society  of  Motion  Picture 
Engineers. 

Objects 

2.  Its  object  shall  be:  Advancement  in  the  theory  and  practice  of  motion 
picture  engineering  and  the  allied  arts  and  sciences,  the  standardization  of  the 
mechanisms  and  practices  employed  therein,  and  the  maintenance  of  a  high 
professional  standing  among  its  members. 

Membership 

3.  The  membership  of  the  Society  shall  consist  of  Pioneer  Members, 
Honorary  Members,  Active  Members  and  Associate  Members.  A  Pioneer 
Member  is  defined  as  one  who  was  in  the  art  as  a  principal  fifteen  years  or  more 
antedating  the  time  of  the  organization  of  this  Society;  an  Honorary  Member 
as  one  who  has  been  actively  engaged  in  designing,  developing  or  manufacturing 
materials,  mechanisms  or  processes  used  in  this  or  allied  arts  for  more  than  ten 
years;  an  Active  Member  as  one  who  shall  not  be  less  than  25  years  of  age  and 
shall  be: 

(a)  A  motion  picture  engineer  by  profession.  He  shall  have  been 
in  the  practice  of  his  profession  for  a  period  of  at  least  three  years  and 
shall  have  taken  responsibility  for  the  design,  installation  or  operation  of 
systems  or  apparatus  pertaining  to  the  motion  picture  industry. 

(b)  A  person  regularly  employed  in  motion  picture  or  closely  allied 
work,  who  by  his  inventions  or  proficiency  in  motion  picture  science  or 
as  an  executive  of  a  motion  picture  enterprise  of  large  scope,  has  attained 
a  recognized  standing  in  the  motion  picture  art.  In  the  case  of  such  an 
executive,  the  applicant  must  be  qualified  to  take  full  charge  of  the  broader 
features  of  motion  picture  engineering  involved  in  the  work  under  his 
direction. 

An  Associate  Member  as  one  who  shall  not  be  less  than  21  years  of  age, 
and  shall  be  a  person  who  is  interested  in  or  connected  with  the  study  of  motion 
picture  technical  problems  or  the  application  of  same. 

Eligibility 

4.  Any  person  of  good  character  may  be  a  member  in  any  or  all  classes 
to  which  he  is  eligible. 

Prospective  members  for  Active  Membership  shall  be  recommended  in 
writing  by  at  least  two  Active  members  in  good  standing,  and  for  Associate 
Membership  by  at  least  one  Active  member  in  good  standing,  and  may  be  elected 
only  by  the  unanimous  vote  of  the  members  of  the  Board  of  Governors  in  session. 

Applications 

5.  All  applications  for  membership  or  transfers  shall  be  made  on  blank 
forms  provided  for  the  purpose,  and  shall  be  accompanied  by  the  required  fee. 

The  entrance  fee  shall  be  thirty-five  dollars  ($35.00)  for  admission  to  the 
grade  of  Active  Member,  and  ten  dollars  ($10.00)  for  admission  to  the  grade  of 
Associate  Member. 
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The  transfer  fee  from  Associate  to  Active  grade  shall  be  the  difference 
between  the  admission  fee  or  twenty-five  dollars  ($25.00). 

The  annual  dues  shall  be  twenty  dollars  ($20.00)  for  Active  Members,  and 
ten  dollars  ($10.00)  for  Associate  Members,  payable  on  or  before  October  1st 
of  each  year. 

Active  Members  and  Associate  Members  elected  by  the  Board  of  Gover- 
nors, prior  to,  or  at  the  Spring  meeting,  shall  pay  the  full  annual  dues,  and 
those  elected  after  the  Spring  meeting  and  prior  to  the  Fall  meeting,  shall  pay 
half  annual  dues. 

The  dues  for  Pioneer  Members  shall  be  $250  and  its  payment  exempts  the 
member  from  all  future  dues. 

The  dues  for  Honorary  Members  shall  be  $100  and  its  payment  exempts 
the  member  from  all  future  dues. 

Officers 

6.  The  officers  of  the  Society  shall  be  a  President,  the  Past  President, 
two  Vice-Presidents,  a  Secretary,  a  Treasurer,  and  a  Board  of  Governors.  The 
above  named  officers  and  four  Governors  shall  be  elected  to  their  respective  offices 
at  the  annual  Fall  meeting  by  a  majority  of  autographed  ballots  of  the  members, 
and  counted  by  a  committee  of  tellers  appointed  by  the  President.  All  officers 
shall  hold  office  for  one  year  or  until  their  successors  are  chosen,  except  the 
Board  of  Governors,  as  hereinafter  provided,  and  the  Vice-Presidents;  one  of 
whom  latter-named  shall  be  elected  for  two  years  and  one  for  one  year,  and 
then  one  for  two  years,  each  year  thereafter. 

Governors 

7.  The  Board  of  Governors  shall  consist  of  the  President,  the  Past 
President,  the  Secretary,  the  Treasurer,  the  Section  Chairmen,  and  four  other 
Active  members;  two  of  which  last-named  shall  be  elected  for  a  two  year  term, 
and  two  for  one  year,  and  then  two  for  two  years  each  year  thereafter. 

Duties 

8.  The  duties  of  the  several  officers  are  those  usually  appertaining  to 
each  such  office,  together  with  such  additional  duties  as  may  be  prescribed  by 
the  Board  of  Governors. 

The  Treasurer  shall  be  bonded  in  an  amount  to  be  determined  by  the 
Board  of  Governors. 

Meetings 

9.  The  regular  meetings  of  the  Society  shall  be  held  in  such  places  and 
at  such  hours  as  the  members  may  have  designated  at  the  preceding  meeting. 

A  quorum  shall  consist  of  twenty-five  or  more  voting  members.  Special 
meetings  may  be  called  by  the  Board  of  Governors  when  necessity  therefor 
arises.  Active  members  only  shall  be  entitled  to  vote.  The  Board  of  Governors 
shall  meet  quarterly  at  such  time  and  place  as  they  may  select.  Special  meetings 
may  be  called  by  the  President  when  occasion  requires,  or  upon  the  request  of 
any  three  members  of  the  Board  of  Governors,  not  including  the  President. 

Publications 

10.  All  matters  of  general  interest  deemed  worthy  of  permanent  record 
shall  be  published  in  serial  volumes  as  soon  as  possible  after  each  regularly 
called  Members'  meeting.  A  copy  shall  be  mailed  each  member  in  good  standing 
to  his  last  address  of  record.  Extra  copies  shall  be  printed  for  general  distribution, 
and  may  be  obtained  of  the  Secretary  on  the  payment  of  a  fee  fixed  by  the  Board 
of  Governors. 

Emblem 

11.  The  emblem  of  the  Society  shall  be  a  facsimile  of  a  four-hole  film-reel, 
with  the  Letter  S  in  the  upper  center  opening,  and  the  letters  M,  P  and  E,  in  the 
three  lower  openings,  respectively.  In  the  printed  emblem,  the  four  hole  openings 
shall  be  orange,  and  the  letters  black,  the  remainder  of  the  insignia  being 
black  and  white.    The  Society's  emblem  may  be  worn  by  members  only. 
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Delinquents 

12.  Members  who  are  in  arrears  of  dues  for  thirty  days  after  notice  of 
such  delinquency,  mailed  to  their  last  address  of  record,  shall  have  their  names 
posted  at  the  Society's  headquarters  which  shall  be  the  office  of  the  Secretary, 
and  notices  of  such  action  mailed  them:  and  thirty  days  after  such  posting  the 
members  shall  be  dropped  from  the  rolls  if  such  non-payment  has  continued. 

Annual  dues  for  the  succeeding  year  shall  be  paid  prior  to  the  annual  Fall 
meeting,  and  only  members  in  good  standing,  who  shall  have  paid  all  dues  to 
that  date,  may  vote  or  otherwise  participate  in  the  meeting. 

Suspension 

13.  Any  member  may  be  suspended  or  expelled  for  cause  by  a  five-eighths 
vote  of  the  Board  of  Governors;  provided,  he  shall  be  given  notice  and  a  copy  in 
writing  of  the  charges  preferred  against  him  and  shall  be  afforded  opportunity  to 
be  heard  ten  days  prior  to  such  action. 

Local  Sections 

14.  Sections  of  the  Society  may  be  authorized  in  any  State  or  locality 
where  the  Active  membership  exceeds  10.  The  geographic  boundaries  of  each 
section  to  be  determined  by  the  Board  of  Governors. 

15.  Upon  written  petition,  signed  by  ten  or  more  Active  members,  for 
the  authorization  of  a  Section  of  the  Society,  the  Board  of  Governors  may  grant 
such  authorization  if  the  necessary  membership  exists  within  the  locality  specified 
in  the  petition. 

Meetings 

16.  Meetings  of  the  Section  shall  be  held  at  time  and  places  fixed  by  the 
Section's  Board  of  Managers. 

Officers 
17.,    Each  Section  shall  nominate  and  elect  a  Chairman,  two  Managers  and 
a  Secretary.    The  Section  Chairman  shall  automatically  become  a  member  of  the 
Board  of  Governors  of  the  General  Society,  and  continue  in  that  position  for  the 
duration  of  his  term,  as  Chairman  of  the  Local  Section. 

Election  of  Officers 

18.  The  Officers  of  the  Section  shall  be  elected  to  their  respective  offices 
at  the  annual  Fall  meeting  of  the  Section,  by  a  majority  of  autographed  ballots 
of  the  Active  membership  of  the  Section,  and  counted  by  a  Committee  of  Tellers 
appointed  by  the  Section's  Chairman. 

19.  All  Section  Officers  shall  hold  office  for  one  year  or  until  their  succes- 
sors are  chosen,  except  the  Board  of  Managers,  as  hereinafter  provided. 

Managers 

20.  The  Board  of  Managers  shall  consist  of  the  Section  Chairman,  the 
Section  Past  Chairman,  the  Section  Secretary,  and  two  Active  members,  one  of 
which  last  named  shall  be  elected  for  a  two  year  term,  and  one  for  one  year, 
and  then  one  for  two  years  each  year  thereafter. 

Business 

21.  The  business  of  a  Section  shall  be  conducted  by  the  Board  of  Man- 
agers. 

By-Laws 

22.  A  Section  may  formulate  By-Laws  for  its  conduct,  which  shall 
conform  with  the  Constitution  and  By-Laws  of  the  Society,  and  with  the  policy 
of  the  Society,  as  fixed  by  the  Board  of  Governors.  Proposed  By-Laws,  when 
approved  by  the  Board  of  Governors  of  the  General  Society  may  be  adopted  by 
a  two-thirds  vote,  at  a  regular  or  special  meeting  of  a  Section;  notification  of  such 
meeting,  together  with  a  copy  of  the  proposed  By-Laws  shall  be  sent  to  all  mem- 
bers of  the  Section  at  least  10  days  prior  to  the  date  fixed  for  its  holding. 
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Expenses 

23.  As  early  as  possible  in  the  fiscal  year,  the  Secretary  of  each  Section 
shall  submit  to  the  Board  of  Governors  of  the  Society  a  budget  of  expenses  for 
the  year. 

24.  The  Treasurer  of  the  Society  may  deposit  with  each  Section  Secretary 
a  sum  of  money,  the  amount  to  be  fixed  by  the  Board  of  Governors,  for  current 
expenses. 

25.  Other  expenses  than  those  enumerated  in  the  budget,  as  approved 
by  the  Board  of  Governors  of  the  General  Society,  to  be  payable  from  the  funds 
of  the  General  Society,  must  first  be  authorized  by  the  Board  of  Governors. 

26.  A  Section  Board  of  Managers  may  authorize,  and  shall  provide  for 
the  payment  by  local  assessments  of  any  expenses  of  a  Section  beyond  those 
authorized  to  be  paid  from  the  general  fund  of  the  Society. 

27.  The  Secretary  of  the  Society  shall  supply  to  each  Section  all  stationery 
and  printing,  aside  from  notices  of  meetings,  necessary  for  the  conduct  of  its 
business. 

28.  The  Secretary  of  each  Section  shall  send  monthly  to  the  Treasurer  of 
the  General  Society  an  itemized  account  of  all  expenditures  during  the  preceding 
month. 

Meetings 

29.  The  regular  meetings  of  a  Section  shall  be  held  in  such  places  and 
at  such  hours  as  the  members  may  have  designated  at  the  preceding  meeting. 

30.  The  Secretary  of  each  Section  shall  forward  to  the  Secretary  of  the 
General  Society,  not  later  than  five  days  after  a  meeting  of  a  Section,  a  statement 
of  the  attendance  and  of  the  business  transacted. 

Papers 

31.  Papers  shall  be  approved  by  the  Section's  Papers  Committee  previous 
to  their  being  presented  before  a  Section.  Manuscripts  of  papers  presented  before 
a  Section,  together  with  a  report  of  the  discussions,  and  the  proceedings  of  the 
Section  meetings,  shall  promptly  be  forwarded  by  the  Section  Secretary  to  the 
Secretary  of  the  General  Society.  Such  material  may,  at  the  discretion  of  the 
Papers  Committee  of  the  General  Society,  be  printed  in  the  Society's  Trans- 
actions. 

Membership 

32.  Should  the  Active  membership  of  a  Section  fall  below  10,  or  the 
average  attendance  at  meetings  not  warrant  the  expense  of  maintaining  the 
organization,  the  Board  of  Governors  may  cancel  its  authorization. 

33.  All  members  and  honorary  members  of  the  Society  of  Motion  Picture 
Engineers  in  good  standing,  residing  in  that  portion  of  any  country  set  apart  by 
the  Board  of  Governors  to  be  tributary  to  any  local  Section,  shall  be  considered 
members  of  that  local  Section,  and  shall  be  so  enrolled  and  they  shall  be  entitled 
to  all  privileges  that  such  local  Sections  may,  under  the  General  Society's  Con- 
stitution and  By-Laws,  provide. 

Constitution  and  By-Laws 

34.  Sections  shall  abide  by  the  Constitution  and  By-Laws  of  the  Society, 
and  conform  to  the  regulations  of  the  Board  of  Governors.  The  conduct  of  Sec- 
tions shall  always  be  in  conformity  with  the  general  policy  of  the  Society  as  fixed 
by  the  Board  of  Governors. 

Amendments 

35.  These  By-Laws  may  be  amended,  altered  or  added  to  at  any  regularly 
called  Members'  meeting  on  a  two-thirds  vote  by  ballot  of  the  members  present 
at  the  meeting. 
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PRESIDENTIAL  ADDRESS 

Fall  Meeting 
Society  of  Motion  Picture  Engineers 

Ottawa,  Canada,  1923 

Fellow  Members  of  the  Society  of  Motion  Picture  Engineers  and  Guests: 

IT  GIVES  me  great  pleasure  to  welcome  you  all  to  another  Annual 
Convention.  The  Fall  meetings  of  the  Society  have  always  been 
the  most  important  and  the  most  interesting,  coming  as  they  do  at 
the  close  of  the  vacation  period,  when  everybody  is  full  of  energy 
and  enthusiasm  for  the  Winter's  work, — they  are  a  fitting  opening 
for  another  season. 

As  your  President  for  the  past  two  years,  I  have  given  very  close 
study  to  the  Society's  problems.  This  study  has  led  me  to  the 
conviction  that  for  the  best  service  to  the  Society,  no  one  man  should 
hold  any  office  for  more  than  two  consecutive  years.  With  your 
permission  I  should,  therefore,  like  to  review  briefly  the  past  two 
years'  progress  on  the  part  of  the  Society,  and  offer  some  suggestions 
based  on  my  experience  which,  I  hope,  may  prove  of  value  and  assis- 
tance to  the  new  officers  whom  you  will  elect  at  this  meeting. 

Our  Papers  Committee  probably  looks  upon  the  Fall  Meeting 
more  as  a  closing  than  an  opening  to  its  work.  A  convention  of  this 
sort  does  not  "just  happen"!  It  takes  long,  careful  preparation  and 
hard  work,  especially  on  the  part  of  the  Papers  and  Arrangements 
Committees,  to  make  it  a  success.  No  sooner  is  the  Spring  meeting 
over  than  the  Papers  Committee  sets  to  work  lining  up  a  program  for 
the  Fall  meeting.  This  work  is  carried  on  at  the  same  time  the 
task,  for  it  is  truly  a  task,  of  getting  the  papers,  discussions  and 
committee  reports  of  the  Spring  meeting  in  shape  for  publication  is 
under  way,  so  that  I  assure  you  the  past  Summer  has  been  no  vacation 
from  Society  work  for  L.  A.  Jones,  Chairman  of  our  Papers  Com- 
mittee, and  his  assistants, — nor  for  J.  C.  Kroesen,  Chairman  of  our 
Publications  Committee  and  his  associates. 

In  discussing  with  these  men  the  reason  for  the  late  publication 
of  the  Spring  Transactions,  it  appears  that  the  delay  was  again  caused 
largely  by  the  time  taken  for  authors  and  discussers  to  correct  their 
proofs,  changes  requested,  etc.  Personally,  I  should  be  in  favor  of 
making  an  iron-bound  rule  that  only  papers  turned  in  previous  to  the 
convention  be  published,  and  that  no  subsequent  changes  be  al- 
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lowed.  I  should  also  be  in  favor  of  publishing  discussions  after  one 
week's  time  had  been  allowed  for  correction,  and  without  any 
further  change.  It  seems  to  me  that  the  errors  or  omissions  that 
would  be  thus  occasioned  would  be  less  serious  than  this  long  delay 
in  getting  out  the  Transactions. 

That  the  Chairman  of  our  Arrangements  Committee,  Mr.  R.  S. 
Peck,  and  his  assistants  have  not  been  loafing  will  be  increasingly 
evident  as  this  convention  progresses.  I  wish  to  take  this  opportunity 
to  thank  them  and  all  others  who  have  been  cooperating  for  the 
success  of  our  Society. 

In  reviewing  the  work  of  the  Society  for  the  past  two  years,  I 
have  been  led  to  the  conclusion  that  those  have  been  epochal  years  in 
our  history.  I  really  believe  we  have  rounded  out  and  made  solid 
the  foundation  of  an  organization  that  will  continue  to  grow  and  be 
an  increasing  factor  in  the  motion  picture  industry.  During  the  past 
two  years  we  have  adopted  the  first  set  of  standards  and  a  list  of 
nomenclature  for  the  whole  industry.  These  are  in  the  process 
of  being  made  American  standards  by  the  American  Engineering 
Standards  Committee. 

We  have  in  the  past  24  months  increased  our  membership  31  per 
cent.  (Just  at  present  this  figure  has  been  slightly  reduced  by  the 
recent  dropping  of  a  number  of  members  for  non-payment  of  dues. 
This,  I  believe,  is  advantageous.  I  would  rather  see  a  small  organiza- 
tion of  real  live  leaders  in  the  industry  than  a  large  Society  carrying 
along  a  lot  of  dead  wood.)  There  are  some  in  our  Associate  member- 
ship class,  who  I  believe  are  qualified  for  Active  membership.  I 
believe  they  should  be  induced  to  apply  for  the  higher  grade. 

During  the  past  two  years  we  have  received  some  wonderful 
papers,  presenting  to  the  industry  data  and  original  research  work 
that  was  nowhere  else  available,  and  some  of  which  would  not  have 
been  done  except  for  our  Society.  Our  Transactions  are  growing 
bigger  and  better  with  each  issue.  They  constitute  the  finest  library 
of  technical  data  pertaining  to  the  motion  picture  industry  in  exist- 
ence to-day. 

We  are  forming  a  section  of  the  Society  on  the  Pacific  Coast. 
This  I  believe  to  be  the  forerunner  of  several  Sections  in  various 
parts  of  the  country.  The  time  will,  undoubtedly,  come  when  it  will 
be  desirable  for  these  various  Sections  to  hold  their  local  meetings 
several  times  a  year,  and  then  all  to  gather  together  annually  for 
one  big  convention. 

We  have  recently  initiated  the  practice  of  holding  joint  meetings 
with  other  organizations  in  the  motion  picture  industry.  The  meet- 
ing held  this  Summer  with  the  Motion  Picture  Directors  Association 
was,  I  hope,  a  forerunner  of  many  more  joint  meetings  with  this  and 
other  motion  picture  interests. 

In  response  to  increasing  inquiries  about  the  S.  M.  P.  E.  we  have 
just  prepared  four  pamphlets  which,  together,  tell  the  story  well. 
The  first  is  an  article  outlining  the  organization  and  workings  of  the 
Society,  together  with  a  list  of  our  standards  and  nomenclature.    The 
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second  is  a  reprint  of  the  index  of  our  Transactions  up  to  the  present 
meeting,  showing  clearly  the  wide  range  of  subjects  covered  by  our 
papers.  The  third  is  a  reprint  of  our  membership  list,  showing  what 
concerns  and  individuals  compose  the  Society,  and  fourth,  a  sheet 
giving  our  constitution  and  by-laws,  together  with  a  membership 
application  blank.  A  set  of  these  papers  has  been  or  will  soon  be  mailed 
to  each  member  of  the  Society,  and  it  is  hoped  that  each  application 
blank  will  be  returned  filled  out  by  a  new  applicant.  The  larger  our 
membership,  the  more  useful  and  influential  will  the  Society  become  to 
its  members  and  to  the  industry  as  a  whole. 

Additional  copies  of  these  papers  can  be  obtained  from  the 
Secretary  as  desired. 

Arrangements  have  been  made  with  the  Smithsonian  Institute 
in  Washington,  D.  C,  to  take  over  some  of  the  historical  material 
that  the  Society  has  collected  to  date,  thus  preserving  it  permanently 
for  the  future. 

During  the  past  six  years  I  have  been  studying  closely  the  mem- 
bership of  our  Society  and  the  various  types  of  conventions  we  have 
held.  At  some  meetings,  notably  the  Montreal  one,  we  devoted  our 
program  strictly  to  business.  At  other  meetings  more  time  has  been 
given  to  recreation.  In  some  cases  play  has  been  provided  for  us  as 
a  body,  and  in  others  we  have  simply  had  time  off,  as  it  were,  to  seek 
recreation  as  individuals  or  in  small  groups.  One  thing  seems  very  evi- 
dent to  me,  and  that  is  that  the  old  adage  "All  work  and  no  play 
makes  Jack  a  dull  boy"  can  be  applied  equally  well  to  the  S.  M.  P.  E. 
It  is  my  judgment  that  a  great  deal  of  the  benefit  of  our  meetings  is 
obtained  from  personal  contact  with  those  in  attendance.  It  is  only 
when  you  make  friends  with  a  man  that  he  will  really  open  his  heart 
— tell  you  of  his  work  and  his  plans.  One  does  not  make  friends 
simply  by  listening  to  technical  papers.  So  it  seems  to  me  the  growing 
tendency  to  devote  more  time  at  our  conventions  to  play  is  very  good. 
I  hope  that  some  means  may  be  worked  out  to  provide  play  of  a 
type  in  which  the  Society  as  a  whole  can  participate.  I  should  like  to 
see,  for  example,  an  afternoon  devoted  to  a  ball-game,  and  perhaps 
a  mobsome  golf  match,  or  a  putting  contest,  etc.  It  would  not  be 
amiss  to  have  various  kinds  of  tournaments  run  through  the  con- 
vention days,  with  souvenir  prizes  provided  for  the  winners. 

Rather  than  have  full  day  sessions,  I  believe  it  would  be  advan- 
tageous to  stick  to  business  from  9  a.m.  to  1:30  p.m.  each  day,  and 
play  during  the  afternoon.  With  such  a  schedule  I  should  be  in 
favor  of  holding  two  evening  sessions;  one  of  a  semi-popular  nature 
combined  with  the  banquet.  Very  good  examples  of  this  type  of  ses- 
sion were  given  at  our  Rochester  and  Atlantic  City  meetings.  The 
other  evening  could  be  a  strictly  full  technical  session. 

It  also  seems  to  me  desirable  to  spend  one  afternoon  visiting 
some  notable  manufacturing  plant,  not  necessarily  producing  only 
motion  picture  products,  but  anything  of  allied  interest.  Our  trip 
through  the  Dayton  Cash  Register  plant  was  a  good  example  of  such 
a  visit. 
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On  the  Papers  program,  in  addition  to  having  a  well-balanced 
program  covering  the  various  branches  of  the  industry,  it  seems  to  me 
a  good  idea  to  have  at  least  one  paper  that  is  not  strictly  technical, 
and  perhaps  not  even  dealing  directly  with  any  one  branch  of  motion 
picture  work.  Such  a  paper  was  the  address  of  Mr.  Henry  D.  Hub- 
bard of  the  Bureau  of  Standards,  given  at  the  Washington  meeting. 

Regarding  our  meeting  places.  The  practice  of  meeting  in 
various  cities  is  good,  and  should,  I  believe,  by  all  means  be  continued. 
I  do  feel,  however,  that  our  present  method  of  deciding  by  popular 
vote  at  one  convention  where  the  next  is  to  be  held,  should  be 
changed.  Our  conventions  have  grown  to  a  size  where  it  is  not  always 
desirable  to  flop  down  on  some  unsuspecting  city,  where  perhaps  we 
have  only  one  or  two  members,  and  say  to  them  "It  is  up  to  you  to 
show  us  a  good  time."  I  would  recommend  that  at  each  convention 
a  committee  be  appointed  to  study  the  question  of  the  next  conven- 
tion place.  This  committee  could  receive  suggestions  at  the  meeting; 
take  the  next  month  studying  facilities,  attractions,  rates,  etc.;  then 
in  consultation  with  the  Board  of  Governors,  the  next  meeting  place 
could  be  selected  and  the  membership  advised  by  letter.  It  would 
seem  to  me  desirable  to  hold  one  of  our  meetings  in  Los  Angeles, 
shortly  after  our  new  Coast  Section  gets  well  under  way. 

The  Committee  problems  continue  to  be  very  vexing  to  your 
President.  In  my  Atlantic  City  address  I  suggested  the  elimination 
of  all  standing  committees  except  those  absolutely  essential  to  the 
conduct  of  the  Society's  affairs.  After  six  months  more  consideration 
of  this  question,  I  still  feel  that  this  would  be  advisable.  With  a  few 
exceptions  it  has  been  almost  impossible  to  get  any  action  out  of  our 
committees.  There  is  much  that  they  could  do.  I  believe  they  could 
contribute  to  our  Society  a  part  almost  equal  to  that  of  the  papers 
presented  at  our  conventions,  but  either  through  lack  of  time  or 
interest,  or  both,  that  has  not  been  the  case.  Practically  all  of  the 
excellent  data  that  has  been  given  by  the  active  committees  could 
have  been  presented  as  papers  so  that  the  elimination  of  those  com- 
mittees need  not  shut  off  the  members'  activities.  There  are  a  few 
men  who  are  really  carrying  on  the  bulk  of  the  Society's  work.  They 
do,  personally,  99  per  cent  of  all  the  committee  work  that  is  done. 
The  selection  of  men  who  have  the  knowledge  and  the  ability  to 
serve  on  committees  receives  the  most  careful  study  on  the  part 
of  your  President  in  consultation  with  the  Board  of  Governors. 
The  choice  of  chairmen  for  these  committees  is  no  easy  matter.  There 
is  the  natural  desire  to  take  the  small  group  of  men  who  are  workers 
and  give  them  all  the  chairmanships.  Obviously,  that  would  not  be 
fair,  either  to  those  few  men  or  to  the  rest  of  the  Society.  Member- 
ship on  the  Society's  committees  is  an  honor,  and  is  so  recognized 
by  some  of  the  men  in  advertising  the  fact  on  their  stationery,  and 
in  other  ways  in  their  business. 

It  does  not  seem  to  me  fair,  either  to  the  committee  chairmen,  and 
in  their  case  to  the  Society,  for  the  individual  members  to  accept 
appointment  on  a  committee  and  then  lie  down  on  the  job  and  do 
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nothing.    So  again  I  would  recommend  reducing  and  combining  the 
present  standing  committees  to  the  following: 

(1)  Standards  and  Nomenclature 

(2)  Papers  and  Publications 

(3)  Membership 

(4)  Arrangements 

(5)  Advertising  and  Publicity 

With  this  line-up  the  groups  of  men  who  have  proven  themselves 
active  workers  for  the  Society  could  all  be  utilized  on  these  com- 
mittees and,  I  believe,  with  the  essential  committees  composed  of 
such  a  personnel,  a  still  greater  success  would  be  brought  to  our 
Society  than  any  it  has  achieved  so  far. 

Our  organization  has  grown  to  the  point  where  there  are  certain 
needs  that  should  be  met.  Perhaps  the  most  important  of  these  is 
office  and  storage  space,  and  the  time  may  not  be  far  distant  when  we 
shall  need  a  stenographer  acting  in  the  capacity  of  assistant  secretary. 
Much  of  our  material,  such  as  Transactions,  cuts,  stationery,  corre- 
spondence, etc.  etc.  is  scattered  around  in  different  members'  offices. 
Some  of  it  inevitably  becomes  lost  and  some  damaged  through 
transportation  from  one  place  to  another. 

I  believe  that  wider  distribution  should  be  made  of  our  Transac- 
tions. They  should  be  placed  in  every  large  library  and  every  educa- 
tional institution  in  the  country. 

We  are  badly  in  need  of  further  standardization.  To-day  there 
is  no  such  thing  as  standard  film  density,  standard  screen  illumination, 
standard  actinicity  of  artificial  illumination  in  the  studio.  The 
industry  has  no  means  of  comparing  accurately  and  in  reproduceable 
units  of  measurement  the  definition  of  pictures  projected  by  various 
lenses.  Nobody  knows  how  rapidly  a  motion  picture  screen  decreases 
in  brilliancy  of  reflected  picture  due  to  the  accumulation  of  dust  and 
dirt,  and  from  other  causes.  Surely  there  is  some  point  where  it 
should  be  cleaned,  and  some  point  where  it  would  be  more  economi- 
cal to  replace  the  screen  than  to  supply  the  additional  illumination 
necessary  to  bring  the  picture  back  to  its  original  brilliancy.  Our 
Standards  Committee  might  expand  its  functions  a  little  and  do 
some  research  work  for  the  industry  along  those  lines,  or  possibly 
it  would  be  desirable  to  have  a  separate  Research  Committee. 

We  have  a  wealth  of  information  available  in  our  Transactions, 
yet  what  is  the  Society  doing  as  a  body  to  promote  education?  At 
one  time  we  seriously  discussed  running  a  correspondence  school 
course  in  an  effort  to  raise  the  standard  of  projection.  Our  members 
and  others  are  spending  large  sums  of  money  to  produce  the  most 
wonderful  pictures,  but  what  is  being  done  to  better  their  projection 
after  they  are  produced?  Some  of  our  members  have  been  making 
strenuous  efforts  along  that  line  for  several  years,  and  their  work 
seems  to  me  worthy  of  more  support  by  the  Society  than  it  has  received 
to  date.  It  would  seem  to  me  that  we  might  cooperate  with  some  of 
the  colleges,  getting  their  laboratories  and  men  to  do  research  work 
under  the  Society's  guidance.     Surely  we  could  offer  subjects  and 
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assistance  for  thesis  research  that  would  be  both  interesting  to  the 
student  and  valuable  to  the  industry. 

In  conclusion  I  wish  to  express  my  appreciation  of  the  whole- 
hearted support  I  have  received  from  the  Board  of  Governors  and 
from  the  Committee  Chairmen.  It  has  been  a  pleasure  to  work 
with  you.  I  also  appreciate  the  confidence  and  trust  the  membership, 
as  a  whole,  has  placed  in  me  by  honoring  me  with  the  Presidency  dur- 
ing the  past  two  years. 

To  the  incoming  President,  whomever  you  may  elect,  let  me 
assure  my  hearty  support  and  desire  to  assist  in  any  way  that  I  can. 

It  is  with  no  small  regret  that  I  lay  down  the  reins  of  leadership 
of  this  splendid  organization.  It  has  been  a  pleasure  and  an  inspira- 
tion to  me,  and  I  hope  that  I  may  find  some  way  to  continue  active 
in  the  Society's  affairs. 

L.  C.  Porter 

Ottawa,  Canada. 

Oct.  1,  1923. 


LIGHTS  AND  SHADOWS 

By.  J.  Searle  Dawley  and  Oscar  Lund 

AN  OLD  man  sat  amidst  his  paint  pots  and  soldering  tools; — a 
tinker  of  toys  was  he; — in  his  hand  he  held  a  cylinder  of  tin, 
with  long  narrow  slits  in  its  surface;- — a  strip  of  painted  animals 
rested  on  the  inner  surface  of  this  tin  disk.  In  the  fading  light,  he 
spun  it  around  and  smiled — a  new  language  was  born. 

He  called  in  his  grandson  and  bade  him  look.  The  lad  did  so,  and 
with  bright  blue  eyes  staring  wide  and  mouth  agape  exclaimed, 
"  Grandpa, — they  move!  they  live!" 

The  old  man  only  shook  his  head,  "No,  my  lad,  its  only  a  trick 
of  the  eye." 

Yes,  brother  craftsmen,  it  was  only  a  trick  of  the  eye,  yet  by  that 
trick,  for  that  trick,  and  to  that  trick,  you  owe  your  existence  as  a 
society,  and  are  here  assembled  today.  A  trick  that  has  mustered  and 
marshalled  together  the  best  brains  of  the  land.  A  trick  that  has 
smashed  all  tradition  and  forced  its  way  forward  in  only  a  comparative- 
ly few  years  and  is  head  and  shoulders  above  its  century  old  brothers, 
proudly  claiming  the  fourth  place  amidst  the  industries  of  the  world. 

A  trick  of  the  eye  that  sends  out  its  Pied  Piper  and  calls  in 
twenty  to  thirty  million  children  of  men  daily  into  its  temples  of 
trickery. 

A  trick  that  has  created  a  new  alphabet,  a  new  tongue,  a  new 
language,  a  new  interpretation  of  thought;  it  is  the  universal  language 
of  the  eye. 

A  trick  that  has  more  power,  more  compelling  influence  for  good 
or  evil,  for  brotherhood  or  hatehood  than  hecatombs  of  pulpits  and 
presses,  of  forums  and  bookstalls. 

It's  a  great  trick,  brothers,  so  being  in  a  tricky  business,  let's 
pause  and  look  at  some  of  the  tricks  of  the  trade. 

Before  going  any  farther,  I  would  like  to  call  your  attention 
to  the  fact  that  you  yourselves  are  to  blame  for  the  drivel  that  may 
follow.  You  invited  us  into  your  parlor,  and  now  I  feel  like  a  fly 
encircled  with  hundreds  of  shining  threads  of  technicality  that  I 
know  nothing  about,  so  all  I  can  do  is  to  flutter  my  wings  of  imagina- 
tion and  try  to  stir  up  enough  wind  to  keep  your  interest. 

Here  is  the  first  flutter. 

In  the  first  place,  this  tricky  business  we  are  in  needs  an  encyclo- 
paedia of  motion  picture  art.  The  Society  of  Motion  Picture  En- 
gineers is  the  only  body  of  men  who  are  worthy  of  the  task. 

We  have  a  number  of  splendid  books  on  special  subjects,  but 


we  do  need  a  book  of  authority,  covering  all  the  branches  of  the 
business,  technically,  artistically  and  authentically,  from  the  cotton 
fields  to  the  fade-out  at  the  end  of  the  show.  Such  a  book  onty  you 
gentlemen  can  furnish. 

You  have  the  brains,  the  ability  and  the  knowledge;  from  your 
various  departments  you  could  compile  a  marvelous  volume  that 
would  be  of  universal  service  to  the  gropers  in  the  dark.  The  li- 
braries of  the  world  would  make  it  financially  practical — why  not? 

Flutter  Number  Two. 

A  prize  endowment  fund  should  be  originated  of  such  a  sub- 
stantial nature  that  each  year  at  3rour  annual  meeting  a  reward  of 
merit  could  be  bestowed  upon  some  member  for  the  greatest  achieve- 
ment in  the  way  of  artistic  or  mechanical  advancement  that  had  been 
accomplished  during  the  year. 

A  little  pioneer  work  along  these  lines  among  the  various  firms 
and  companies  with  which  your  members  are  associated  would,  no 
doubt,  be  met  with  wholehearted  support  in  a  very  substantial  way, 
and  would  place  your  Society  in  the  very  highest  esteem. 

Build  for  tomorrow — the  FUTURE.  Build  on  the  rock  of  great 
duration,  have  visions  and  dreams,  for  from  such  only  are  great 
institutions  built.  Things  built  for  the  future  have  their  foundations 
laid  today. 

Who  would  have  believed  that  a  five-cent  store  show  would  grow 
into  the  largest  and  most  elegant  theatre  in  the  world,  or  a  bum  off- 
tone  piano  into  a  symphony  orchestra  of  fifty  or  sixty  pieces? 

The  picture  business  itself  started  as  a  toy,  and  now  look  at  the 
darned  thing!  It's  grown  so  fast  that  its  legs  can  hardly  keep  up  with 
its  head. 

The  telephone  was  a  toy  once — then  it  encircled  the  globe  with 
its  wires.  From  that  came  the  wireless,  and  now  the  radio.  Look 
out  for  the  radio,  boys!  It's  only  a  daj^  or  two  old,  so  to  speak,  yet 
it  has  growing  pains  before  even  its  eye  teeth  are  cut.  If  it  keeps  on 
growing,  a  man  cannot  talk  to  his  wife  (or  somebod}^  else)  in  private, 
without  some  poor  Chink  in  the  heart  of  China  discussing  it  with 
some  Hebrew  in  Jerusalem.  And  when  Mr.  Jenkins  gets  his  wireless 
motion  pictures  working,  then  the  Hebrew  and  the  Chinaman  can 
discover  whose  wife  you  are  talking  to,  then  and  only  then  shall  we 
have  reached  the  universal  slaughterhood  of  mankind. 

Professional  Experts  and  Master  Craftsmen: 

Permit  me  to  tell  you  about  what  you  ought  to  do,  about  some- 
thing I  know  nothing  about. 

In  the  fifth  place,  let  us  take  the  developing  room,  that  place 
where  they  turn  out  all  the  lights  in  order  to  see  what  the}^  are  doing. 
No  wonder  they  have  to  hang  red  lanterns  all  about,  for  there  they 
certainly  can  wreck  more  hopes  and  kill  more  perfect^  good  children 
of  the  brain  than  anywhere  else. 

But  the  spot  upon  which  I  would  concentrate  my  gaze,  in  all 
that  gloom,  if  I  were  you,  would  be  that  little  square  of  light  where 
millions  of  hurrying  feet  go  dancing  b}r  each  day — that  little  square 
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of  light  in  the  printing  frame  that  has  been  sadly  neglected.  Why? 
Because  the  director  knows  very  little  of  its  possibilities,  and  you  who 
have  charge  of  this  red  light  district  have  not  the  authority  or  means 
of  knowing  what  is  missing  or  greatly  desired  by  us  of  the  studio 
floor. 

Naturally,  this  should  fall  in  the  field  of  the  cameraman's  work, 
but  he  is  so  much  engrossed  in  his  own  sphere  that  he  has  woefully 
neglected  that  one-by-three-quarters  square  of  light  where  so  much 
artistry  could  be  accomplished. 

When  one  observes  what  has  been  done  by  the  still  photog- 
raphers in  their  printing  process,  their  retouching,  their  soft  blend- 
ing, their  etching  effect,  their  old-print  results,  one  wonders  why 
this  has  not  been  done  by  the  motion  picture  printing  process. 

It  seems  to  me  that  in  the  printing  process  there  is  a  world  to  be 
accomplished,  not  so  much  in  the  way  of  actual  photographic  quality 
as  in  effects  and  artistic  workmanship,  that  have  been  greatly 
neglected  in  the  last  twenty-five  years.  Am  I  right  or  wrong?  No 
doubt  I  am  wrong,  so  I  will  pass  on  to  the  next  blunder. 

Note:  I  had  forgotten  to  call  your  attention  to  the  locale  of 
this  story,  which  is  laid  in  the  northeast  corner  of  an  egg. 

While  passing  the  Hebrew  Temple,  729  Seventh  Avenue,  one 
cloudy  day,  I  heard  a  passing  remark  about  the  wave  lengths  of 
color,  consequently  with  this  vast  amount  of  knowledge  stored  in 
my  brain,  I  feel  I  am  an  expert  on  the  subject.  So  I  shall  give  you 
the  benefit  of  my  expert  advice  for  a  couple  of  German  marks,  at  the 
present  rate  of  exchange,  fifty  million  to  the  dollar. 

Therefore  my  subject  will  be  colored  photography — my  object 
will  be  otherwise. 

Whatever  pleases  the  eye  elevates  the  mind,  develops  the  artis- 
tic and  enhances  life's  happiness.  "A  thing  of  beauty  is  a  joy  forever." 
Color  is  the  music  of  the  eye,  the  poetry  of  vision,  and  the  vocabulary 
of  sight.  To  neglect  color  in  motion  pictures  is  to  speak  the  language 
of  the  eye  without  having  a  grammar  for  this  new  tongue.  As  in  the 
boyhood  of  the  human  language,  we  were  satisfied  to  form  words 
that  had  coherent  meaning,  but  as  civilization  advanced,  its  language 
broadened  so  mankind  began  to  polish  his  phrases  and  to  beautify 
their  symphony  of  tone. 

So  it  must  be  with  the  new  medium  of  expression,  we  must  begin 
to  beautify  and  polish;  we  must  catch  the  rainbow  hues  and  pin  them 
on  our  canvasses.  Color  photography  is  the  next  trick  in  the  con- 
juror's bag  that  we  tricksters  must  produce,  because  color  has 
emotion,  drama,  joy  and  sadness.  All  these  attributes  are  a  necessity 
toward  perfection.  The  world  is  filled  with  color,  yet  we  are  still  far 
from  being  able  to  say  "we  have  mastered  it." 

There  are  a  dozen  different  theories  as  yet  as  to  what  is  perfect. 
The  pioneers  in  this  line  of  work  have  done  wonders,  but  there  still 
seems  to  be  something  wrong.  Is  it  on  account  of  the  two-color 
process  instead  of  the  three  primary  colors?  We  have  three  sensi- 
tive nerves  in  the  eye, — each  is  being  paged  constantly  by  the  call 
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of  RED,  GREEN,  YELLOW  (so  they  tell  me).  Yet  we  use  only 
red  and  green.  How  about  the  yellow?  Simple  matter  indeed.  Cut 
out  the  yellow  nerve  in  the  eye,  and  there  is  your  eye.  Doctors 
are  plentiful,  and  we  must  have  perfect  pictures. 

Again,  maybe  the  color  is  comparatively  right,  but  the  projecting 
machine  is  wrong.  How  about  that  period  of  darkness  on  the  screen 
when  the  retina  of  the  eye  must  retain  the  image  long  enough  for 
the  next  picture  to  blind?  Are  all  color  wave  lengths  the  same? 
Maybe  that  syncopated  brown  is  a  little  fatter  than  Miss  Heavenly 
Blue,  and  she  dances  right  into  your  soul  and  out  again  before  Old 
Waddly  Brown  has  barely  reached  your  eye  lashes.  Down  comes 
Mr.  Shutter  and  shuts  him  out — the  race  starts  all  over  again.  So 
old  man  Brown  never  does  get  a  chance  to  nestle  in  the  cockles  of 
your  heart — a  mighty  nice  fellow  but  slow — perhaps  if  you  had 
known  him  long  enough  you  would  have  called  him  Laughing  Brown, 
and  liked  him. 

I  am  just  a  bit  inclined  to  think  that  this  "trick  of  the  eye"  as 
the  old  toy-maker  called  it,  has  still  a  few  kinks  that  we  magicians 
have  not  quite  mastered  yet.  Perhaps  it's  color-wave-lengths,  perhaps 
it's  leaving  Goldenlocks  out  of  the  color  triangle,  or  perhaps  it's  just 
our  own  fool  selves — we  have  not  become  educated  up  to  the  grand 
opera  of  color.  Whatever  it  is,  you  Engineers  ought  to  put  a  little 
coal  in  the  furnace,  steam  up,  and  run  along  the  track  and  see  what's 
wrong  with  those  red,  green,  and  yellow  signal  lamps  on  the  Road 
to  Progress.  We  have  got  to  keep  going  ahead  and  you  Engineers 
are  the  boys  that  can  do  it,  there  is  no  doubt  about  that. 

When  you  come  to  a  sign  post  that  says  "Bridge  Closed,  No 
Crossing"  don't  turn  back,  just  build  another  bridge  a  little  higher  up, 
and  you  will  get  across  all  right.  Forget  not  that  it  took  twenty-five 
years  to  discover  how  to  paint  part  of  our  scenery  on  a  piece  of  glass. 
And  when  you  saw  it,  you  likely  said:  "Why  didn't  I  think  of  that 
before?"  Just  think  of  the  glass  stunt  when  you  come  to  one  of  those 
"No  Crossing"  signs. 

I  suppose  if  I  told  you  we  would  not  need  any  stage  sets,  just 
still  pictures,  a  black  drop  and  a  few  props  for  the  actors  to  play  out 
their  drama  on,  that  that  would  be  impossible.  But  that  is  not  half 
so  hard  to  do,  according  to  my  way  of  thinking,  as  to  take  a  couple  of 
breaths  that  make  a  word — a  thing  that  you  cannot  see  or  touch — 
and  throw  it  out  into  nothingness  and  make  it  hit  five  million  places  at 
one  time,  a  thousand  miles  away.  And  yet  you  say  there  is  no  such 
thing  as  miracles.  If  Christ  Jesus  had  done  this,  and  you  had  read  it 
instead  of  hearing  it  you  would  have  laughed  at  it  as  being  ridiculous, 
impossible. 

Men  of  Science !  We  are  living  in  a  marvelous,  wonderful,  stupen- 
dous age  but  when  science  taps  the  sphere  of  things  unreal,  the  realms 
of  thought,  then  this  age  will  be  like  a  childish  plaything  compared  to 
tomorrow's  morrow. 

The  Motion  Picture  Directors'  Association  of  New  York  extends 
to  you  the  hand  of  fellowship — the  best  wishes  of  a  friend,  and  the 
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whole-hearted  congratulations  for  the  wonderful  work  you  are  doing 
in  this  tricky  business  of  ours.  We  feel  now  since  we  have  become 
more  intimately  acquainted  that  we  have  someone  to  come  to  for 
expert  advice,  in  helping  us  to  solve  the  many  problems  that  confront 
us  each  year.  This  co-operation  and  meeting  of  minds  is  of  great 
benefit  to  us,  and  we  trust  that  it  will  be  of  mutual  benefit  to  both 
our  associations. 

Our  President  and  all  members  of  our  Association  send  greetings 
and  best  wishes  to  your  worthy  President  and  all  members  assembled 
here  today. 

Before  closing  I  would  like  to  say,  in  order  to  be  true  to  the  best 
traditions  of  our  Art,  we  have  chosen  for  the  title  of  this  story 
"LIGHTS  and  SHADOWS"— because  it  is  a  good  box  office  title, 
and  has  nothing  whatsoever  to  do  with  the  plot,  theme  or  the  subject 
upon  which  we  have  written.  That  is  why  we  call  it  "LIGHTS  and 
SHADOWS." 

Synopsis  by  Oscar  Lund, 

Continuity  by  J.  Searle  Dawley. 
Motion  Picture  Directors'  Association, 

New  York  City. 


DISCUSSION 

Me.  Jones:  There  is  not  much  we  can  say  in  discussing  a  paper 
of  this  kind.  It  does,  however,  have  a  great  deal  of  value  because 
it  demonstrates  so  forcibly  the  different  view  point  of  the  motion 
picture  director.  His  problems  are  essentially  artistic  and  there 
is  no  doubt  that  the  engineer  (using  the  term  in  the  narrow  sense) 
can  assist  the  director  very  greatly  by  giving  him  the  necessary  tools 
with  which  to  work.  The  difficulty  in  reaching  a  state  of  efficient 
co-operation  is  due  largely  to  the  fact  that  the  engineer  or  the  tech- 
nical man  speaks  a  different  language  from  that  used  by  those 
concerned  with  the  artistic  phase  of  the  industry.  It  is  difficult  for 
one  to  understand  the  needs  of  the  other  and  it  seems  to  me  that  one 
of  the  functions  of  this  Society  is  to  do  a  little  translating  and  make 
it  possible  for  those  radically  different  types  to  understand  each  other. 

Mr.  Richardson:  I  will  say  that  I  have  been  much  displeased 
because  the  director  takes  the  same  attitude  as  the  producer.  He 
pa}^s  no  attention  to  how  his  work  is  placed  before  the  public.  After 
his  part  is  done  he  apparently  takes  no  interest  whatsoever  in  how  it 
is  finally  projected — placed  before  the  public. 

Mr.  R.  C.  Hubbard:  The  directors  do  take  an  interest  in 
quality  of  prints  and  projection.  I  might  say  they  are  the  bane  of 
the  laboratory  man  until  the  first  run  houses  have  been  covered. 

Mr.  Richardson:  As  you  all  know,  I  have  for  years  almost 
alone,  conducted  a  fight  against  the  abuse  of  the  motion  picture  on 
the  screen,  and  I  have  yet  to  find  a  director  who  even  openly  approved 
of  my  work.    They  don't  seem  to  care. 

President  Porter:  I  think  Mr.  Jones  pointed  out  a  very  good 
point  when  he  made  the  statement  that  we  don't  talk  the  same 
language.  I  know  of  an  instance  where  one  of  our  members  was 
trying  to  work  out  lighting  effects  for  a  well-known  director  of 
artistic  temperament  and  was  instructed  to  produce  a  "luscious" 
light.  The  poor  engineer  was  stumped,  and  the  director  could  not 
explain  what  was  wanted  in  a  language  that  the  engineer  could 
understand. 
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A  STUDY  OF  THE  MARKINGS  ON  MOTION  PICTURE 
FILM  PRODUCED  BY  DROPS  OF  WATER,  CON- 
DENSED WATER  VAPOR,  AND  ABNORMAL 
DRYING  CONDITIONS 

By  J.  I.  Crabtree  and  G.  E.  Matthews 

Communication  No.  195  from  the  Research  Laboratory  of  the 
Eastman  Kodak  Company. 

WHEN  droplets  of  water  come  into  contact  with  motion  picture 
film  either  before  or  after  the  film  is  exposed  and  previous  to 
development  spots  are  formed  which  later  appear  as  objection- 
able defects  on  the  film.  Markings  are  also  apt  to  be  produced  if 
all  superfluous  moisture  is  not  removed  from  the  film  before  drying 
or  if  the  rate  of  drying  is  changed  during  the  progress  of  drying. 
Moisture  spots  are  always  produced  on  the  emulsion  side  of  motion 
picture  film  and  never  on  the  base  side,  since  the  film  base  is  resistant 
to  moisture. 

To  date  little  has  been  known  regarding  the  various  factors  which 
affect  the  nature  of  the  markings  produced  in  the  above  manner. 
This  work  was  undertaken  in  order  to  study  these  factors,  and 
prepare  a  classified  index  of  the  various  markings  which  would 
serve  as  a  source  of  reference  for  the  identification  of  spots  and 
markings  of  unknown  origin. 

Water  markings  may  be  of  the  following  types : 

A.  Markings  produced  previous  to  development  and  caused  by: 

1.  Water  accidentally  touching  the  film. 

2.  Condensation  of  water  vapor  from  humid  atmospheres. 

B.  Markings  produced  after   development   and  fixation   and 

caused  by: 
Abnormal  drying  conditions. 

Factors  Influencing  the  Formation  of  Moisture  Markings 

A.  1.    Markings  Produced  Previous  to  Development  by  Drops  of 

Water 

Experimental  Procedure.  Three  emulsions  were  used  in  the  tests; 
Eastman  Motion  Picture  Negative  (no  backing),  Eastman  Super- 
speed  Motion  Picture  Negative  (no  backing),  and  Eastman  Regular 
Motion  Picture  Positive  film.  The  normal  treatment  consisted  in 
either  (a)  spraying  the  emulsion  side  of  the  film  with  a  small  hand 
atomizer  which  delivered  a  fine  spray  evenly  distributed  over  the 
area  toward  which  it  was  directed  or  (b)  covering  the  emulsion  side 
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with  a  layer  of  moist  cheese  cloth  for  two  minutes  so  as  to  produce 
a  uniform  moisture  pattern.  The  order  of  exposure  relative  to  the 
moisture  treatment  was  as  follows : 

1.  Unexposed  before  moisture  treatment. 

2.  Exposed  before  moisture  treatment. 

3.  Exposed  after  moisture  treatment. 

When  exposing,  the  film  was  flashed  so  as  to  produce  an  average 
density  of  0.8  after  development.  Four  foot  lengths  of  film  were  used 
and,  after  the  moisture  treatment,  these  were  wound  on  wooden  film 
spools,  and  tightly  sealed  in  film  cans  of  200  foot  capacity.  Two 
samples  were  placed  in  each  can,  one  to  be  developed  at  the  end  of 
two  days  and  the  other  after  one  week.  Duplicate  sets  were  made 
up,  one  being  maintained  at  room  temperature  (68°  F.)  and  the  other 
at  a  tropical  temperature  (115°  F.).  The  film  samples  were  developed 
in  the  usual  manner. 

Factors  Affecting  Nature  of  Markings 

1.  The  Nature  of  Age  of  Emulsion.  Of  the  three  emulsions  ex- 
amined, the  positive  showed  a  somewhat  greater  sensitiveness  to 
moisture  than  the  negative  emulsions,  but  emulsions  two  years  old 
showed  only  a  slightly  greater  propensity  to  give  markings  than  new 
emulsions. 

2.  Temperature.  When  the  emulsions  were  subjected  to  an 
increased  temperature  after  the  moisture  treatment,  the  number 
and  extent  of  the  markings  were  very  noticeably  increased.  No 
new  markings  were  observed  at  the  higher  temperatures. 

3.  Nature  of  Support.  In  order  to  determine  whether  the  nature 
of  the  support  on  which  the  emulsion  was  coated  influenced  the 
markings  in  any  way,  parallel  experiments  were  made  with  new  and 
old  emulsions  coated  on  glass  plates  and  on  film  support,  but  no 
difference  either  in  the  number  or  appearance  of  the  markings  on  the 
various  supports  was  noticed. 

Note:  On  examining  the  gelatine  coating  of  the  glass  plates  by  reflected 
light  after  removing  from  the  wash  water  preparatory  to  drying,  tiny  pits  or  in- 
dentations were  observed  which  coincided  exactly  with  the  markings  as  seen  by 
transmitted  light. 

4-  Order  of  Exposure.  Markings  produced  on  film  exposed  before 
treatment  as  compared  with  those  on  unexposed  film  were  similar  in 
general  appearance,  though  the  background  of  uniform  density  pro- 
duced by  exposing  (flashing)  served  to  increase  the  visibility  of  the 
markings. 

Exposing  the  film  after  the  moisture  treatment  appeared  to 
make  the  markings  slightly  more  pronounced  which  may  have  been 
a  result  of  the  lens  like  nature  of  the  drops  of  water. 

5.  Time  of  Exposure  to  Moisture  before  Development.  In  general, 
more  markings  were  observed  on  film  which  was  allowed  to  remain 
undeveloped  for  a  week  after  the  moisture  treatment  than  on  film 
developed  two  days  after  the  treatment. 


A.  2.     Markings  Produced  Previous  to  Development  caused  by 
Condensation  of  Water  Vapor  from  Humid  Atmospheres. 

Film  is  often  subjected  to  humid  conditions  with  resulting 
absorption  of  water  vapor.  If  the  film  is  suddenly  transferred  from 
a  warm  atmosphere  to  a  cold  atmosphere,  condensation  occurs  on 
the  surface  of  the  film  and  tiny  droplets  of  moisture  are  formed 
which  may  produce  markings  on  the  developed  film. 

Experimental  Procedure.  The  tests  were  divided  into  three 
groups:  (1)  Humidification  at  room  temperature,  (2)  Humidifica- 
tion  at  tropical  temperatures  (100°  —  110°F.),  and  (3)  Sudden  changes 
from  low  temperatures  to  tropical  temperatures  and  vice  versa.  For 
the  experiments,  special  humidors  were  constructed,  consisting  of 
two  motion  picture  film  cans  (200  foot  capacity)  soldered  bottom  to 
bottom.  Holes  were  then  punched  in  the  separating  wall  and  just 
before  starting  the  test,  a  moist  felt  pad  (l'Xl')  was  placed  in  the 
lower  half  of  the  humidor.  The  film  in  two  or  four  foot  lengths, 
loosely  coiled  was  placed  in  the  upper  chamber  for  the  test  and  the 
cover  was  then  doubly  sealed  with  adhesive. 

The  film  was  exposed  so  as  to  produce  a  density  of  approximately 
0.8  after  development. 

Factors  Influencing  Nature  of  Humidity  Markings 

1.  Effect  of  Nature  of  Emulsion.  Several  new  markings  were 
observed  under  varying  conditions  of  humidification  and  refrigeration 
with  all  the  emulsions  examined.  The  markings  were  found  to  be 
due,  however,  to  physical  conditions  to  which  the  film  was  subjected 
rather  than  any  inherent  chemical  nature  of  the  emulsion. 

2.  Effect  of  Order  of  Exposing.  In  general  the  spots  were  more 
predominant  on  film  which  was  exposed  before  humidification  than 
on  film  exposed  after  humidification. 

3.  Effect  of  Time  and-  Temperature  of  Humidification.  Very  few 
spots  were  observed  on  film  humidified  for  one  week  at  room  tempera- 
ture, but  at  tropical  temperatures  the  number  of  markings  was 
considerably  increased,  although  only  two  distinctly  different  types 
were  observed. 

In  general  the  intensity  of  the  markings  increased  with  time  of 
humidification,  reaching  a  limit  after  a  certain  time  depending  on 
the  temperature. 

4.  Effect  of  Sudden  Change  of  Temperature.  When  the  film  was 
subjected  to  sudden  changes  of  temperature,  from  hot  to  cold  or  cold 
to  hot,  several  types  of  spots  were  produced,  but  these  with  two 
exceptions  were  all  similar  in  character  to  the  spots  caused  by  drops 
of  water  described  above.  The  exceptions  noted  will  be  discussed 
later. 

To  summarize:  No  fundamental  rule  can  be  given  relative  to  the 
chance  of  one  or  more  kinds  of  spots  appearing  as  the  result  of  the 
order  of  exposure  under  the  conditions  outlined  in  Sections  A.l.  or 
A. 2.  but  in  general  all  types  of  moisture  markings  are  slightly  more 
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prevalent  on  film  exposed  before  moisture  deposits  on  the  surface 
than  on  film  exposed  after  moisture  deposition  occurs. 

Physical  conditions  to  which  the  film  is  subjected  such  as 
temperature  changes,  and  the  time  of  contact  with  moisture  before 
development,  are  the  direct  causes  of  the  markings  rather  than  any 
inherent  differences  in  emulsions  or  supports  on  which  they  are 
coated. 

B.  Markings  Produced  after  Fixing  and  Washing  caused  by 
Abnormal  Drying  Conditions 

After  washing  and  previous  to  drying  excess  moisture  is  usually 
removed  from  motion  picture  film  either  with  a  cotton  swab,  or  cham- 
ois, by  centrifuging,  or  by  means  of  a  blast  of  air.  If  the  water  is 
incompletely  removed,  droplets  or  streaks  of  water  remain  on  the 
film  and  when  the  film  is  dried  under  unfavorable  conditions  markings 
appear  on  the  areas  previously  occupied  by  the  droplets  or  streaks 
of  water. 

Experimental  Procedure.  The  positive  and  negative  film  used 
for  the  tests  was  exposed  so  as  to  give  a  density  of  about  1.0  after 
development.  After  thorough  washing  all  excess  moisture  was 
carefully  removed  from  the  film  and  then  droplets  or  streaks  of  water 
were  placed  either  on  the  emulsion  side  or  the  base  side  so  as  to 
simulate  imperfect  removal  of  excess  moisture. 

For  the  high  temperature  drying  (90°  to  120°  F.)  a  cabinet  was 
used  which  contained  electric  heating  units  and  an  air  blower.  Slow 
drying  conditions  were  secured  by  the  use  of  a  small  insulated 
box  in  which  a  pan  containing  a  small  volume  of  water  was  placed. 

In  order  to  study  the  influence  of  the  degree  of  tanning  of  the 
gelatine  on  the  propensity  of  the  film  to  give  drying  marks  con- 
secutive samples  of  film  were  fixed  in  (a)  30%  plain  hypo,  (b)  an 
alum-acid  fixing  bath,  and  (c)  30%  hypo  followed  by  a  bath  of  2% 
formalin.  The  films  were  also  treated  for  varying  times  and  at 
varying  temperatures  during  the  processes  of  development,  fixation, 
and  washing,  so  as  to  produce  different  degrees  of  swelling  of  the 
gelatine. 

The  effect  of  the  rate  of  drying  of  film  treated  as  above  was 
carefully  studied,  especially  the  effect  of  slow  drying  in  a  saturated 
atmosphere   as    compared   with   rapid   drying   at   low   humidities. 

Factors  Affecting  Nature  of  Drying  Markings 

1.  The  Degree  of  Swelling  of  the  Gelatine.  The  swelling  of  the 
gelatine  is  governed  by  (a)  the  time  of  immersion  of  the  film  in  the 
various  photographic  solutions  and  the  temperature  of  the  solutions, 
(b)  concentration  and  composition  of  the  solutions,  and  (c)  the  degree 
of  hardening  produced  by  the  fixing  bath  or  other  hardening  baths. 

The  propensity  for  drying  marks  to  occur  increased  with  the 
degree  of  the  swelling  of  the  gelatine,  so  that  in  order  to  reduce  the 
possibility  of  the  formation  of  drying  marks  to  a  minimum,  swelling 
of  the  gelatine  should  be  prevented  by  keeping  the  various  developing 
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solutions  at  a  temperature  not  higher  than  70°  F.  and  by  the  use  of 
suitable  hardening  baths,  although  superhardening  of  the  film  should 
be  carefully  avoided  because  this  tends  to  produce  brittleness.  Pro- 
longed washing  at  ordinary  temperatures  does  not  render  the  film 
more  susceptible  to  drying  markings. 

2.  Methods  of  Removal  of  Surplus  Water  Previous  to  Drying. 
Providing  all  superfluous  moisture  is  removed  from  both  sides  of  the 
film  previous  to  d-ying,  the  propensity  for  markings  to  occur  is 
independent  of  the  method  of  removing  the  moisture. 

Methods  of  removal  of  excess  water  previous  to  drying  and 
correct  conditions  of  drying  are  discussed  in  a  previous  paper  by  one 
of  the  authors.1 

3.  The  Temperature  and  the  Rate  of  Drying.  Markings  which 
are  only  just  visible  on  film  dried  slowly  in  partially  saturated  air 
are  objectionably  prominent  when  the  film  is  dried  rapidly  at  high 
temperatures.  Rapid  drying  even  at  normal  temperatures  accen- 
tuates the  markings  but  the  majority  of  the  drying  marks  on  motion 
picture  film  are  traceable  directly  to  rapid  drying  at  high  tempera- 
tures. 

If  the  rate  of  drying  of  the  film  is  suddenly  changed,  once  the 
gelatine  coating  has  commenced  to  dry  at  the  edges,  markings  are 
invariably  produced  whose  contour  corresponds  with  the  "shore  line" 
between  the  wet  and  dry  portions  of  the  film.  It  is  important 
therefore  not  to  suddenly  change  the  speed  of  the  drying  reels, 
especially  when  the  conditions  are  favorable  for  rapid  drying. 

For  details  regarding  correct  conditions  for  drying,  see  "The 
Development  of  Motion  Picture  Film  by  Reel  and  Tank  Systems," 
by  J.  I.  Crabtr.ee.1 

CLASSIFICATION  OF  MOISTURE  SPOTS  AND  MARKS 

WITH  A  DESCRIPTION  OF  THE  MANNER  OF 

THEIR  FORMATION 

The  markings  are  listed  under  three  classifications;  namely,  spots 
and  marks  caused  by  (A)  Actual  moisture  accidentally  touching  the 
film,  (B)  Condensation  of  water  vapor  from  humid  atmospheres, 
and  (C)  Abnormal  drying  conditions.  The  illustrations  correspond 
with  the  numbers  given  below. 

A.  Markings  Caused  by  Actual  Moisture  Accidentally 

Touching  the  Film 

1.  White  Spots.  This  type  of  marking  most  usually  occurs  as 
round  or  irregularly  shaped  spots  with  hazily  defined  edges  either 
singly  or  in  clusters.  Other  varieties  are  (a)  irregular  gray  areas  with 
white  spots  scattered  throughout,  and  (b)  mottled  spaces  of  slightly 
lighter  density  than  the  surrounding  film.  The  latter  types  were 
most  commonly  found  on  film  which  had  been  exposed  before  the 

1  Crabtree,  J.  I.,  "Development  of  Motion  Picture  Film  by  Reel  and  Tank 
Systems,"  Trans.  Soc.  M.  P.  Eng.  No.  16,  p.  163  (1923). 


moisture  treatment.  White  spots  occur  independently  of  the  kind 
of  emulsion,  although  tropical  temperatures  cause  more  spots  to 
appear,  especially  on  positive  film. 

2.  White  Spots  with  Black  Centers  or  Gray  Spots  with  a  Black 
Nucleus  and  a  White  Halo.  The  most  common  form  is  a  perfectly 
round  spot  although  occasional  irregular  types  were  observed  as 
well  as  group  formations  of  several  circular  black  spots  with  a  large 
grayish-white  halo  extending  around  the  entire  group.  In  some  cases, 
the  center  is  gray  instead  of  black.  It  was  rarely  found  unless  the 
film  had  been  subjected  to  tropical  temperatures  and,  in  general, 
the  size  and  number  of  the  markings  were  greater  at  the  end  of  one 
week  than  after  two  days  under  tropical  conditions. 

3.  Black  Spots.  Although  this  marking  is  by  no  means  as 
common  as  some  of  the  others,  it  was  observed  frequently  enough  on 
each  of  the  different  emulsions  tested  to  justify  its  inclusion  in  the 
classification.  It  appears  as  a  small  round  spot  of  density  much 
darker  than  the  surrounding  film  and  of  fairly  sharp  outline,  al- 
though variations  occur  wherein  the  outline  is  a  hazy  dark  gray  halo, 
darker  than  the  rest  of  the  film.  It  was  found  only  in  rare  cases  on 
negative  emulsions,  but  occurred  frequently  on  positive  film,  es- 
pecially if  the  film  was  exposed  before  the  moisture  treatment, 
and  accompanied  by  high  temperature  conditions.  In  general,  the 
number  of  markings  increased  with  the  time  elapsing  between  the 
moisture  application  and  development  of  the  film. 

Ji-.  White  Spots  with  Black  Rings.  This  marking  occurs  as  a  round 
or  irregular  white  or  gray  spot  with  a  black  or  dark  gray  halo.  It 
resembles  a  reversal  of  No.  2.  Sometimes  the  Genter  of  the  marking, 
instead  of  being  clear,  contained  a  small  dark  spot.  The  marking 
was  not  observed  on  unexposed  film.  With  both  negative  emulsions, 
exposed  after  the  moisture  treatment,  no  markings  were  found,  but 
on  positive  film,  exposed  before  the  moisture  treatment  and,  es- 
pecially at  tropical  temperatures,  the  spots  were  very  prevalent. 

5,  6,  7.  Cheese  Cloth  Impressions.  The  usual  markings  produced 
by  impressing  moist  cheese  cloth  on  any  of  the  three  emulsions  con- 
sist of  a  white  impression  of  the  fabric  on  a  dark  background.  The 
order  of  exposing  has  little  or  no  effect  on  the  nature  of  the  marking. 
At  room  temperature,  (No.  5)  the  impressions  are  far  less  accentuated 
than  at  tropical  temperatures  (No.  6).  Positive  film  was  slightly 
more  sensitive  to  the  impressions  than  the  two  negative  emulsions. 
A  few  cases  of  black  impressions  of  the  cheese  cloth  were  noted  on 
film  exposed  after  the  moisture  treatment,  but  the  greater  number 
of  black  markings  occurred  on  film  exposed  before  being  impressed 
with  the  moist  cheese  cloth  (No.  7). 

B.  Markings  Caused  by  Condensation  of  Water  Vapor  from 
Humid  Atmospheres 

8.  White  Spots.  The  most  common  marking  was  a  tiny  white 
spot  similar  in  appearance  to  No.  1  except  that  it  was  rarely  observed 
in  clusters  and  seldom  in  sizes  over  one-sixteenth  inch  in  diameter. 
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At  room  temperatures,  few  spots  appeared  unless  the  film  was  per- 
mitted to  humidify  for  a  week,  whereas  at  tropical  temperatures 
the  spots  were  found  in  large  numbers  on  film  left  two  days  in  the 
humidor.  When  the  effect  of  sudden  changes  of  temperature  con- 
ditions was  studied,  very  few  spots  were  produced  unless  the  film  was 
subjected  to  at  least  eight  hours  humidification  previous  to  the 
change  to  frigid  conditions.  In  every  case  the  markings  were  more 
numerous  on  film  which  was  flashed  before  the  moisture  treatment. 
When  the  film  was  refrigerated  previous  to  humidification,  the  time 
of  refrigeration  had  little  apparent  influence  on  the  size  and  extent 
of  the  markings. 

9.  Mottled  Spots.  On  film  which  had  been  subjected  to  sudden 
temperature  changes,  irregular  mottled  spots  were  found  which  were 
of  slightly  lighter  density  inside  and  slightly  heavier  density  outside 
than  the  surrounding  film.  The  marking  is  vague  in  outline  and  hazy 
in  appearance.  It  was  occasionally  found  with  a  dark  gray  spot  in 
the  center.  In  general,  mottled  spots  occurred  more  frequently  on 
film  which  had  been  refrigerated  previous  to  humidification.  The 
order  of  exposing  appears  to  have  little  influence  on  the  extent  of  the 
markings. 

10.  Serrated  Edged  Spots.  When  film  is  subjected  to  abnormal 
humidity  conditions  so  that  the  condensed  moisture  is  sufficient  to 
render  the  gelatine  mobile,  certain  specific  markings  are  produced 
on  refrigeration.  The  most  common  spot  has  sharply  defined  edges 
deeply  serrated  with  a  slightly  lighter  density  just  inside  the  serra- 
tions, while  the  center  of  the  spot  has  a  density  similar  to  the 
remainder  of  the  film.  When  conditions  are  reversed;  that  is,  refrig- 
eration preliminary  to  humidification,  especially  if  the  refrigeration  is 
short  compared  with  the  time  in  the  humidor,  these  spots  are  likewise 
formed.  A  few  examples  were  noted  on  film  treated  at  tropical 
temperatures,  which  was  exposed  after  the  moisture  treatment.  The 
order  of  exposing  the  film  had  only  a  slight  effect  on  the  tendency  for 
the  spots  to  occur. 

Miscellaneous  Markings.  A  few  scattered  examples  of  spots 
similar  to  Nos.  2  and  3  were  noted.  These  were  found  chiefly  on 
film  which  had  been  exposed  and  humidified  at  110°  F.  for  48  hours 
and  then  refrigerated  24  hours,  and  in  another  case  where  the  film 
had  been  refrigerated  48  hours  and  then  humidified  at  110°  F.  for  one 
week.  In  one  case  where  the  film  had  been  humidified  at  110°  F. 
for  24  hours  and  subsequently  refrigerated  24  hours  there  were  a 
great  many  markings  like  No.  4.  Generally  speaking  there  were 
very  few  examples  of  markings  like  those  found  where  actual  water 
comes  in  contact  with  the  film  as  mentioned  under  A.  (page  29) 
with  the  exception  of  the  white  spot  (No.  1)  which  is  the  most 
common    moisture    spot    observed    on    motion    picture    emulsions. 

C.  Markings  Caused  by  Abnormal  Drying  Conditions 

Although  drying  marks  are  always  produced  on  the  emulsion 
side  of  film,  their  formation  may  be  the  result  of  either  one  or  both 
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of  the  following  causes :  (a)  excess  water  remaining  on  the  emulsion 
side  of  the  film,  (as  illustrated  in  Figs.  11,  12,  13,  and  14)  or  (b) 
excess  water  left  on  the  base  side  of  the  film,  (as  shown  in  Fig.  15). 
In  the  latter  case  the  local  areas  on  the  emulsion  side  directly  opposite 
the  moisture  spots  on  the  base  side  are  cooler  than  the  surrounding 
film  resulting  in  a  selective  drying  action,  as  noted  in  a. recent  article 
by  one  of  the  authors.1  The  severity  of  the  markings  produced  by 
either  of  the  above  causes  is  directly  dependent  on  the  temperature 
and  the  humidity  conditions  and  on  the  time  of  drying. 

11.  Spots  with  Dark  Narrow  Outlines.  This  marking  is  dis- 
tinguished by  a  dark  narrow  band  which  constitutes  the  edge  of  the 
spot.  All  the  area  within  this  band,  is  of  the  same  density  as  the 
rest  of  the  film.  It  is  caused  by  large  droplets  of  water  remaining 
on  the  emulsion  side. 

12.  Dark  Gray  Spots  with  Small  White  Centers.  When  large 
drops  of  water  are  accidentally  left  on  film  which  is  subjected  to  rapid 
drying  at  high  temperatures  (90°-120°F.)  spots  are  produced  whose 
general  density  is  considerably  darker  than  the  surrounding  film. 
The  point  in  the  spot  where  the  last  water  evaporates  appears  as  a 
tiny  white  spot.  In  some  cases,  a  narrow  white  halo  may  be  found 
just  inside  the  outer  edge  of  the  spot. 

13.  Hazy  White  Spots.  Occasionally  on  film  which  has  been 
developed  in  solutions  at  temperatures  around  80°  F.  or  over,  when 
the  gelatine  is  in  a  swollen  condition,  small  vaguely  defined  white  or 
gray  spots  are  found,  especially  if  the  film  is  dried  rapidly  at  high 
temperatures  (120°F.)  even  when  all  superfluous  moisture  is  re- 
moved. The  markings  resemble  No.  1,  except  that  the  outlines  are 
usually  less  clearly  defined. 

14-  Streaks.  Sometimes  streaks  remain  on  the  film  during  drying 
which  cause  long  string-like  gray  marks  of  slightty  heavier  density 
than  the  rest  of  the  film.  Variations  are  found  where  the  edges  are 
dark  and  the  side  of  the  streak  is  light  gray.  This  marking  occurs 
on  film  dried  either  at  room  or  tropical  temperatures. 

15.  Spots  with  Gray  Halos.  The  most  common  marking  found 
as  a  result  of  the  presence  of  water  on  the  base  side  of  film  is  a  spot 
with  a  hazily  defined  edge  or  halo  of  much  lighter  density  than  the 
center,  where  the  density  is  nearly  the  same  as  the  remainder  of  the 
film.  On  film  dried  at  room  temperature,  this  marking  is  just  dis- 
cernible but  at  higher  drying  temperatures  the  spots  are  greatly 
accentuated.  Other  varieties  are  (a)  gray  streaks  along  the  edge 
of  the  film  just  inside  the  perforations  as  shown  also  in  Fig.  15  and 
(b)  small  round  light  gray  spots  of  even  density.  All  spots  caused  by 
water  on  the  base  side  are  less  distinct  than  those  caused  by  water  on 
the  emulsion  side. 

Theoretical  Discussion 

From  an  examination  of  the  various  markings  produced  by  mois- 
ture, it  is  seen  that  there  are  three  essentially  different  types; 
namely,  (1)  black  spots  or  local  areas  of  greater  density  than  the 

36 


surrounding  portions,  (2)  white  spots  or  local  areas  of  lesser  density 
than  the  surrounding  portions,  and  (3)  composite  spots,  (see  figs. 
2  and  4). 

Black  spots  may  be  a  result  either  of  an  increase  in  sensitivity  of 
the  emulsion  or  of  the  production  of  a  latent  image.  It  is  quite 
conceivable  that  when  a  moistened  spot  of  emulsion  is  subjected  to 
high  temperatures  the  emulsion  becomes  "cooked,"  resulting  in  an 
increase  in  sensitivity.  On  the  other  hand,  during  the  process  of 
drying  a  moistened  spot  of  emulsion,  the  grains  of  the  emulsion  are 
subjected  to  severe  stresses  as  described  by  Ross2  and  such  stresses 
are  conceivably  sufficient  to  produce  a  latent  image.  Morever,  a 
displacement  of  the  grains  of  the  emulsion,  which  occurs  during  dry- 
ing, would  result  in  local  areas  of  greater  or  lesser  density  on  subse- 
quent development. 

White  spots  may  be  a  result  either  of  a  decrease  in  sensitivity  or 
a  destruction  of  the  latent  image.  E.  Cousin3  ascribes  the  cause  of 
moisture  markings  produced  by  touching  an  unexposed  photographic 
plate  with  the  end  of  a  dampened  stirring  rod  to  a  loss  in  sensitivity 
of  the  region  affected.  The  possible  destruction  of  the  latent  image 
might  be  ascribed  at  first  thought  to  the  possible  decomposition 
products  of  the  film  support,  but  definite  experiments  as  outlined 
above  showed  that  spots  of  identical  nature  were  obtained  with 
emulsions  coated  both  on  glass  and  on  film  supports. 

Black  and  white  spots  may  also  be  a  result  of  bacterial  action. 
Further  experiments  relating  to  bacterial  markings  are  in  progress. 

That  the  same  substance  (water)  should  at  the  same  time  cause 
black  spots  and  white  spots  is  difficult  to  explain. 

Drying  marks  are  undoubtedly  a  result  of  a  displacement  of  the 
silver  grains  in  the  developed  emulsion  from  their  original  position 
as  explained  by  Sheppard  and  Elliott4  and  E.  Senior.5 

Summary 

Markings  are  produced  on  exposed  and  unexposed  motion 
picture  film  by  water  either  in  the  form  of  actual  drops,  or  condensed 
moisture  which  is  precipitated  on  the  film  when  it  is  transferred  from 
a  warm  to  a  cold  saturated  atmosphere.  Water  markings  can  also 
be  produced  on  developed  motion  picture  film  during  drying  if  drops 
or  local  areas  of  water  remain  on  either  side  of  the  film  which  is  then 
dried  rapidly  at  a  relatively  high  temperature  and  low  humidity. 
Drying  marks  are  also  produced  even  if  the  surface  of  the  film  is 
free  from  drops  of  water  if  the  rate  of  drying  of  the  film  is  suddenly 
changed  during  the  progress  of  drying. 

Moisture  markings  are  most  generally  produced  by  localized 
physical  stresses  set  up  in  the  gelatine  layer  rather  than  by  chemical 
action. 

2  Ross,  F.  E.,  Astro.  Phys.  J.  53:96  (1920). 

3  Cousin,  E.  Bull.  Soc.  Fran.  Phot.  Oct.  1918,  p.  27. 

4  Sheppard  and  Elliott,  Ind.  &  Eng.  Chem.  10:727  (1918). 
6  Senior,  Edgar,  B.  J.  63:403  (1916). 


Practical  Suggestions 

It  is  important,  therefore,  to  preserve  unexposed  motion  picture 
film  in  a  relatively  dry  atmosphere  and  at  a  relatively  low  tempera- 
ture, although  the  effect  of  high  temperatures  is  somewhat  nullified 
in  the  absence  of  moisture.  It  is  dangerous  to  suddenly  transfer 
film  which  has  been  freely  exposed  to  a  hot  humid  atmosphere  to  a 
cold  saturated  atmosphere  in  view  of  the  possibility  of  the  condensa- 
tion of  moisture  on  the  emulsion. 

On  leaving  the  factory  motion  picture  film  as  contained  in  the 
cans  is  in  equilibrium  with  an  atmosphere  having  a  relative  humidity 
of  70  to  75  per  cent,  and  in  this  condition  there  is  little  danger  of 
the  formation  of  moisture  spots  even  if  the  film  is  suddenly  cooled. 
In  case  negative  film  is  exposed  under  very  moist  conditions  so  that 
the  emulsion  coating  of  the  film  is  in  equilibrium  with  an  almost 
saturated  atmosphere  and,  especially  at  high  temperatures,  it  is 
necessary  to  dehydrate  the  film  before  repacking  so  as  to  restore  it  to 
a  condition  approximating  that  existing  when  it  left  the  factory,  in 
order  to  eliminate  the  possibility  of  the  formation  of  moisture  spots 
as  the  result  of  condensation  and  prevent  any  possible  loss  of  the 
latent  image.  A  convenient  method  of  drying  out  film  is  to  rewind 
the  roll  loosely  and  place  it  in  a  closed  metal  container  containing 
either  old  newspapers  which  have  been  dried  out  in  an  oven  and 
which  are  hygroscopic,  or  asbestos  wool  which  has  been  previously 
soaked  in  a  saturated  solution  of  calcium  chloride  and  then  thoroughly 
dried  out  on  a  shovel  or  sheet  of  tin  over  a  fire.  The  film  should  be 
allowed  to  dry  out  overnight,  then  rewound  tightly  if  necessary, 
and  immediately  sealed  in  the  original  container.  When  the  cal- 
cium chloride  becomes  thoroughly  moistened  it  should  be  redried 
over  the  fire. 

Rochester,  N.  Y. 
November  8,  1923. 


Fig.  2. 


Fig.  3. 


Fig.  5. 


Fig.  G. 


Fig.  8. 


Fig.  9. 


Fig.  11 


Fig.  12. 


Fig.  14. 


Fig.  15. 


43 


KEY  TO  FIGURES 

A.   MARKINGS  CAUSED  BY  DROPS  OF  WATER 


Fig. 

No. 


Marking 


Treatment 


Time  and   Temperature 

of  Storage  after  Moisture 

Treatment  before 

Development 


Emulsion 


before  moisture  treat-    1  wk.  110°  F. 


White  spots   with   hazily 

defined  edges  merit 

White  spots,  black  center    Exposed  before  moisture  treat- 

or  gray  spots  with  black        ment 

nucleus  and  white  halo. 
Black  spots 


Positive 


Exposed  before  moisture  treat- 
ment 

Exposed  before  moisture  treat- 
ment 

Exposed  before  moisture  treat- 
ment 

Exposed  before  moisture  treat- 
ment 

Exposed  before  moisture  treat- 
ment 
The  above  examples  are  only  typical  and  are  not  peculiar  to  the  emulsions  indicated.    Under  favorable  con 
ditions  any  type  of  marking  may  be  produced  on  any  emulsion. 


White  spots,  black  halo 

White  impression  of  cloth 

White  impression  of  cloth 

Black  impression  of  cloth 
(reversed  image) 


1  wk.  110°  F. 

2  days  110°  F. 
1  wk.  110°  F. 
1  wk.  68°  F. 
1  wk.  110°  F. 
1  wk.  110°  F. 


Negative 
Superspeed  Negative 

Positive 
Superspeed  Negative 
Superspeed  Negative 

Positive 


B.  MARKINGS  CAUSED  BY  CONDENSED  WATER  VAPOR 


8. 

Small  white  spots 

Exposed  before  humidifying 

1  wk.  68°  F. 

Negative 

9. 

Mottled  spots 

Exposed  before  humidifying 

48  hrs.  at  42°  F. 
1  wk.  at  110°  F. 

Negative 

10. 

Serrated  edged  spots 

Exposed  after  humidifying 

24  hrs.  42°  F. 
24  hours  110°  F. 

Negative 

C.  MARKINGS  CAUSED  BY  ABNORMAL  DRYING  CONDITIONS 

Drying  Conditions 

11. 

Spots   with   dark   narrow 

One-half  hr.  to  one  hr. 

outlines 

Drops  of  water  on  emulsion 

at  68°  F. 

Positive 

12. 

Dark    gray    spots,    white 

centers 

Drops  of  water  on  emulsion 

30  minutes  at  90°  F. 

Positive 

13. 

Hazy  white  spots 

Drops   of   water   on   emulsion. 
Developed  and  fixed  at  68°  F. 

Washed  25  minutes  at  80°  F. 

25  minutes  at  110°  F. 

Positive 

14. 

Streaks 

Drops  of  water  on  emulsion 

30  minutes  at  90°  F. 

Negative 

15. 

Spots  with  hazy  gray  halos. 

Drops  of  water  on  base  side 

30  minutes  at  90°  F. 

Positive 
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DISCUSSION 

Mr.  Renwick:  This  very  interesting  paper  of  Mr.  Crabtree's 
would  have  been  still  more  interesting  to  me  if  he  had  gone  more 
into  detail  about  the  history  of  the  slides  he  showed.  He  showed  us 
a  perplexing  variety  of  spots,  all  due  to  water,  but  did  not  distinguish 
between  those  produced  prior  to  exposure  and  those  produced  after 
exposure.  Some  of  these  slides  I  should  be  happy  to  discuss  with 
Mr.  Crabtree  if  he  feels  so  disposed  at  some  other  time.  I  think  he 
dealt  scantily  with  the  causes  of  such  markings,  and  I  am  not  willing 
to  accept  his  two  explanations  that  they  are  due  either  to  a  straight 
desensitization  by  water,  or  to  the  formation  of  a  latent  image  by 
internal  strains. 

I  think  the  migration  of  the  silver  grains  during  irregular  local 
drying  will  account  for  some  of  the  irregularities  of  density  shown, 
and  I  am  indisposed  to  agree  with  him  regarding  the  ineffectiveness 
of  bacteria  in  a  very  short  time.  I  have  had  some  experiences 
showing  how  quickly  some  bacteria  will  get  to  work,  and  when  one 
remembers  how  difficult  it  is  to  sterilize  gelatine,  it  is  not  surprising 
if  occasionally  one  gets  desensitizing  or  reducing  products  formed 
during  their  life  processes. 

Mr.  Crabtree:  With  regard  to  the  history  of  the  various 
spots,  I  give  full  details  as  to  the  history  of  each  one  in  the  paper,  and 
I  do  not  want  to  bother  you  with  this  this  afternoon. 

With  regard  to  the  difference  produced  by  moisture  deposited 
on  the  film  before  exposure  and  after  exposure,  there  is  no  difference 
in  type  except  that  spots  produced  by  exposing  after  the  drop  of 
water  got  on  the  film  are  apt  to  be  of  the  type  having  a  black  ring 
around  the  spot,  which  may  be  attributed  to  the  lens-like  nature 
of  the  water  spot. 

As  to  the  possibility  of  some  spots  being  the  result  of  bacterial 
action,  we  have  not  made  any  definite  experiments,  but  in  view  of 
what  Mr.  Renwick  says,  we  will  do  this  in  order  to  get  definite  in- 
formation on  the  subject.  Our  previous  experience  would  indicate 
that  it  is  doubtful,  especially  with  the  emulsions  with  which  we  are 
dealing. 

Mr.  Renwick:  I  do  not  know  whether  I  was  mistaken,  Mr. 
Crabtree:  You  said  one  had  been  stored  under  warm  semi-moist 
conditions.  On  that  one  particularly  I  thought  I  could  recognize 
definite  fungus  growths. 

Mr.  Crabtree:  This  is  possible. 

Mr.  Richardson:  It  seems  to  me  that  it  is  a  mistake  not  to 
read  a  paper  in  full  for  fear  of  boring  us.  I  think  the  discussion  on 
these  papers,  by  men  better  qualified  to  talk  than  I  am,  is  very 
important.  Where  a  paper  is  not  read  in  full,  there  is  not  much 
chance  for  discussion.  I  think  many  of  you  men  come  to  our  meetings 
who  are  qualified  to  talk  and  don't.  You  listen  to  Richardson  and  a 
few  others  too  much,  where  instead  you  should  get  up  and  say  some- 
thing yourselves. 


THE  MOTION  PICTURE  ENGINEER  AND  HIS 
RELATION  TO  THE  INDUSTRY 

By  Dr.  Alfred  B.  Hitchins,  F.R.P.S.,  F.R.M.S.,  F.C.S. 

Director  of  Ansco  Research  Laboratory 

WE  ARE  living  in  an  age  of  specialization,  an  age  of  standardiza- 
tion and  scientific  control.  It  is  safe  to  say  that  no  great  in- 
dustry can  operate  smoothly,  successfully  and  economically 
without  utilizing  the  services  and  knowledge  of  the  engineer.  The 
Motion  Picture  Industry,  perhaps  more  than  any  other,  needs  highly 
skilled  technical  men  at  every  stage,  and  is  one  of  the  most  profitable 
and  fertile  fields  for  the  application  of  specialized  engineering.  Motion 
picture  engineering  must  of  necessity  lead  to  specialization,  for  the 
subject  is  altogether  too  broad  to  be  covered  by  individual  knowledge 
and  experience.  An  engineer  is  defined  as  one  of  inventive  ability 
capable  of  carrying  through  an  enterprise,  and  the  pioneers  in 
motion  picture  work — the  men  who  blazed  the  trail — were  engineers 
in  the  truest  sense  of  the  word,  and  in  addition,  men  of  courage  and 
conviction,  combining  a  true  research  instinct  with  indefatigable 
energy.  If  they  had  not  been  the  industry  would  not  be  where  it  is 
today.  There  is  need  for  more  and  more  trained  specialists  in  this 
branch  of  engineering,  and  an  attempt  will  be  made  in  this  paper  to 
outline  the  qualifications  and  knowledge  necessary  to  cover  the 
field  of  motion  picture  engineering  from  the  raw  materials  to  the 
screen. 

The  Preparation  of  Dope  for  Celluloid:  The  nitration  of  cotton 
for  the  preparation  of  dope  is  a  process  calling  for  a  sound  knowledge 
of  organic,  collodial  and  physical  chemistry,  combined  with  manu- 
facturing ability.  The  process  of  nitration  requires  elaborate  control 
methods  in  order  to  produce  uniform  material  of  suitable  viscosity 
and  stability,  for  the  physical  qualities  of  celluloid  are  very  greatly 
dependent  upon  proper  nitrating  conditions,  particularly  with 
regard  to  the  tensile  strength  and  wearing  qualities  of  the  celluloid 
and  its  susceptibility  to  shrinking.  The  proper  choice  of  solvents 
and  of  materials  to  increase  the  tensile  strength  and  elasticity  is  a 
subject  of  great  importance  needing  a  wide  knowledge  of  organic 
solvents  and  their  influence  upon  the  resulting  celluloid. 

Casting  Celluloid:  After  the  dope  has  been  prepared  it  is  stored 
in  large  glass  fined  tanks  which  are  piped  to  the  casting  machines. 
The  dope  is  spread  by  means  of  a  hopper  upon  the  surface  of  a  slowly 
revolving  wheel  usually  about  sixteen  or  seventeen  feet  in  diameter; 
the  surface  being  nickel  plated  and  burnished  to  a  mirror-like  condi- 
tion. During  the  revolution  of  the  wheel  the  solvents  are  evaporated 
and  the  sheet  celluloid  stripped  from  the  surface  and  led  over  a  series 

46 


of  drying  and  conditioning  drums.  In  this  work  we  need  mechanical 
engineering  ability  combined  with  a  good  knowledge  of  air  condition- 
ing and  refrigeration  methods.  The  solvent  vapors  which  are  given 
off  during  the  casting  of  the  dope  can  to  a  very  large  extent  be  recov- 
ered, and  efficient  solvent  recovery  means  a  substantial  reduction  in 
the  cost  of  production.  For  this  work  a  thorough  knowledge  of  distilla- 
tion and  separation  of  the  recovered  solvents  is  necessary. 

Emulsion  Making:  The  manufacture  of  negative  and  positive 
motion  picture  emulsions  is  without  doubt  one  of  the  most  difficult 
branches  of  applied  chemistry  and  physics.  The  emulsion  maker 
must  be  thoroughly  acquainted  with  the  intricate  chemistry  of 
gelatine  and  its  influence  in  emulsion  making,  and  with  the  chemistry 
of  silver  halides.  Emulsion  quality  is  almost  entirely  dependent 
upon  the  method  of  putting  together,  and  the  utmost  care  is  necessary 
in  the  control  of  digestion  time  and  temperatures.  An  emulsion 
chemist  is  really  a  specialized  chemical  engineer  and  he  must  have  a 
natural  talent  for  manufacturing  under  conditions  of  the  greatest 
precision.  A  thorough  knowledge  of  physics  is  invaluable,  particularly 
for  sensitometry  or  the  determination  of  emulsion  performance,  for 
a  proper  appreciation  of  the  modern  physical  theories  of  ripening, 
par  value  of  gelatines,  grain  studies,  and  color  sensitizing.  Emulsion 
chemistry  offers  an  almost  unlimited  scope  for  research,  of  great 
interest  to  the  advanced  physical  chemist. 

Emulsion  Coating:  The  coating  of  photographic  emulsions  is 
very  largely  in  the  field  of  mechanical  engineering.  The  usual 
practice  is  to  install  each  coating  machine  in  an  alley  into  which  only 
properly  conditioned  air  is  admitted,  and  it  is  necessary  to  properly 
grade  the  humidity  and  temperature  of  the  air  throughout  the 
length  of  the  alley;  the  temperature  range  extending  from  refrigerated 
air  at  the  coating  head  to  warm  air  at  the  wind-up  end  of  the  machine. 
The  character  of  an  emulsion  is  dependent  to  quite  an  appreciable 
extent  on  the  air  and  humidhy  conditions  under  which  it  is  coated, 
and  a  wide  knowledge  of  heating,  drying,  ventilating  and  refrigerating 
engineering  is  a  necessity.  After  the  celluloid  has  been  coated  there 
are  a  number  of  purely  mechanical  operations  which  call  for  skilled 
workers  under  the  direction  of  a  man  who  thoroughly  understands 
mechanical  principles:  slitting,  perforating,  edge-printing,  examining, 
and  even  the  final  packing  are  all  operations  which  must  be  carried 
out  with  the  utmost  care,  and  with  due  understanding  of  the  delicate 
nature  of  the  material. 

Studio  Work  and  Picture  Production:  The  technical  men  attached 
to  a  big  producing  unit  must  have  a  very  complete  knowledge  of 
general  photographic  theory  and  practice,  and  in  addition  be  well 
grounded  in  the  principles  of  optics,  light,  color  and  illuminating 
engineering.  A  realty  efficient  technical  director  is  one  of  the  most 
valuable  assets  a  studio  can  have  and  can  save  his  company  thousands 
of  dollars  annually. 

Finishing  the  Film:  For  developing,  printing,  tinting,  toning, 
tilting,  timing,  a  number  of  photographic  specialists  are  needed  under 
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the  direction  of  one  or  more  laboratory  engineers.  Well  trained,  care- 
ful, practical  photographers  are  the  backbone  of  a  laboratory  staff  and 
they  must  have  an  intimate  knowledge  of  developing  conditions  and 
methods  for  negative  and  positive  film;  a  thorough  understanding  of 
the  mechanism  of  modern  printing  machines,  and  a  full  appreciation 
of  projection  or  screen  value  of  the  positive  prints.  The  laboratory 
superintendent  must  in  addition  have  quite  a  good  knowledge  of  air 
conditioning  and  film  drying  practice. 

Manufacture  of  Cameras,  Lenses,  Perforators  and  Projectors: 
Here  we  are  in  the  realm  of  instruments  of  precision,  the  highest  type 
of  mechanical  engineering,  coupled  with  the  necessity  of  a  deep  under- 
standing of  the  principles  of  photographic  and  projection  optics  and 
electricity.  The  modern  motion  picture  camera  is  a  triumph  of  engi- 
neering skill  and  the  practical  application  of  intricate  and  beautiful 
mechanical  movements.  Perforators  must  function  as  instruments 
of  precision  under  the  daily  grind  of  work,  and  a  knowledge  of  the 
proper  physical  properties  of  metals  for  punches,  die  plates  and  pilots 
is  vital.  Projectors  must  embody  all  the  engineer  knows  of  steady 
smooth  running,  safety,  perfect  illumination  and  optical  performance. 
The  lens  designer  must  be  a  scientist  and  mathematician,  and  the 
lens  maker  an  optical  engineer  of  great  ability. 

Theatre  Construction:  This  is  truly  the  field  of  the  architect  but 
there  is  room  for  a  lot  of  sound  motion  picture  engineering  in  the 
proper  illumination  of  the  theatre  and  screen ;  in  the  proper  designing 
of  theatres  for  maximum  visual  comfort;  the  determination  of  screen 
intensity,  and  the  installation  and  operating  of  really  efficient 
projection  rooms;  the  choice  of  suitable  materials  for  screens,  every- 
thing in  fact  that  affects  the  comfort  of  the  audience  and  the  per- 
fect presentation  of  the  picture. 

The  foregoing  is  but  a  sketchy  outline  of  the  great  amount  of 
highly  technical  work  that  constitutes  the  broad  field  of  motion 
picture  engineering  necessary  for  the  proper  functioning  of  a  vast 
industry.  Our  President  has  recently  outlined  the  advantages  of 
membership  in  the  S.  M.  P.  E.,  and  there  is  no  doubt  that  our  society 
has  been  a  factor  in  establishing  motion  picture  engineering  as  a 
profession  and  has  done  wonders  in  effecting  standardization.  This 
society  should  try  to  extend  its  membership  so  as  to  include  men  in 
every  phase  of  the  industry,  and  should  work  hand  in  hand  with 
other  technical  bodies  having  kindred  interests.  Logically  we  should 
be  the  focal  point  of  motion  picture  knowledge  and  progress,  and  dis- 
seminate that  knowledge  through  the  medium  of  our  meetings  and 
discussions  and  the  Transactions  of  the  society.  This  of  course  has  been, 
and  is  being  done  but  we  have  a  wide  field  to  cover  and  the  more 
thoroughly  we  do  it  the  greater  will  be  the  power  of  the  society  for 
good,  and  the  greater  the  prestige  of  the  motion  picture  engineer. 
The  industry  is  technical  from  start  to  finish  and  the  motion  picture 
engineer  is  an  integral  part  of  the  fabric  destined  to  play  a  more  and 
more  important  part  in  the  perfecting  of  the  greatest  medium  of 
entertainment  and  education  the  world  has  ever  known. 
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DISCUSSION 

Mr.  L.  A.  Jones:  I  think  Dr.  Hitchins'  paper  is  very  timely. 
The  Society  has  reached  the  point  in  its  growth  where  it  is  becoming 
necessary  to  draw  in  men  from  other  fields  of  motion  picture  engineer- 
ing than  are  represented  at  the  present  time  in  our  membership.  I 
am  sure  we  all  agree  with  Dr.  Hitchins  that  this  is  something  greatly 
to  be  desired.  I  regret  that  Dr.  Hitchins  did  not  go  into  the  matter 
a  little  more  in  detail  and  suggest  some  definite  method  of  inducing 
these  people  to  join  our  organization.  It  seems  to  be  very  difficult 
to  interest  some  of  these  people  in  our  work  and  I  believe  that  this 
is  one  of  the  real  problems  facing  the  Society. 

Mr.  Cook:  The  Board  of  Governors  has  considered  this  ques- 
tion very  carefully.  The  only  method  of  increasing  our  membership 
seems  to  be  hard  work  and  constant  effort.  We  are  fortunate  now 
in  having  a  broader  membership  than  we  had  some  years  ago  and 
the  only  thing  to  do  seems  to  be  just  to  keep  at  it. 

Dr.  Hitchins:  Would  it  perhaps  be  possible  to  have  some 
leaflet  printed  outlining  again  the  aims,  ambitions,  and  ideals  of  the 
Society,  and  those  of  us  who  know  men  in  the  industry,  men  who 
are  doing  good  work,  might  extend  a  personal  invitation  to  them. 
I  am  sure  I  could  furnish  twenty-five  names  of  men  in  different 
branches. 

President  Porter:  Perhaps  you  haven't  yet  received  the 
material  recently  sent  out.  An  attempt  was  made  to  do  that  very 
thing.  A  leaflet  was  printed  outlining  the  organization  and  functions 
of  the  Society  with  a  list  of  members  and  an  index  of  our  transactions. 
You  can  secure  from  the  Secretary  as  many  of  these  pamphlets  as 
you  wish,  and  if  you  supplement  them  with  a  personal  letter,  I  think 
it  will  cover  what  you  have  in  mind. 

Mr.  Renwick:  I  was  wondering  how  far  the  methods  adopted 
by  the  Faraday  Society  in  England  might  serve  as  a  guide.  They 
have  been  very  successful  in  holding  meetings  which  are  attended  by 
scientific  and  technical  men  from  all  parts  of  Europe  and  from  this 
side  of  the  water.  They  have  spared  no  pains  to  get  people  together 
but  one  of  the  greatest  inducements  is  that  the  papers  are  carefully 
prepared,  printed,  and  circulated  beforehand  to  experts  in  the  sub- 
jects to  be  discussed.  In  this  way  they  attract  many  people  who  coma 
there  knowing  what  is  going  to  be  discussed,  and  the  discussions  are 
very  valuable.  It  means  a  great  deal  of  work  for  some  small  central 
office  aided  by  a  committee  who  knows  the  chief  workers  in  any 
particular  subject  to  make  such  gatherings  successful,  but  I  think 
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that  with  a  paid  secretary  and  a  small  office  something  of  the  sort 
might  be  done. 

Mr.  Davidson:  The  suggestion  just  made  is  extremely  perti- 
nent. It  happened  to  be  my  pleasure  yesterday  to  meet  several 
men  here  in  Ottawa  who  are  intensely  interested  in  some  of  the 
papers  on  this  program.  They  wished  to  hear  one  or  two  of  these 
papers,  to  be  present,  and  to  take  part  in  the  discussion,  but  I  could 
not  tell  them  definitely  at  what  hour  or  in  what  particular  session  the 
papers  would  be  called,  and,  as  a  result,  they  did  not  attend  the 
meetings.  I  think  our  program  should  be  made  up  ahead  of  time 
and  then  definitely  followed.  A  man  who  wished  to  hear  some 
particular  paper  could  then  plan  to  be  present  at  the  session  for  which 
it  was  scheduled.  I  think  this  would  help  us  in  inducing  others  to 
attend  our  meetings  and  in  this  way  they  could  be  interested  and 
perhaps  induced  to  become  members. 

President  Porter:  I  am  glad  Mr.  Ren  wick  has  raised  the 
question  of  advance  copies  of  papers,  and  Mr.  Davidson  the  question 
of  adhering  strictly  to  a  predetermined  schedule  of  delivery. 

Our  various  Papers  Committees  have  always  found  it  very 
difficult  to  get  authors  to  turn  in  their  material,  even  at  the  con- 
vention. In  some  cases,  printing  our  Transactions  has  been  delayed 
due  to  the  difficulty  of  getting  the  text  of  a  lecture  even  weeks  after 
it  was  given. 

Two  of  the  speakers  on  the  program  of  this  present  convention, 
who  have  been  strenuously  advocating  advance  copies,  have  not,  as 
yet,  submitted  any  text  of  their  own  papers. 

I  think,  perhaps,  the  success  of  the  Faraday  Society  in  securing 
advance  copies  is  due  partly  to  their  much  larger  membership  from 
which  to  draw  material,  and  partly  to  the  different  type  of  men 
composing  that  membership. 

I  agree  with  Mr.  Renwick  that  at  least  advance  extracts  of  the 
papers  would  be  desirable,  if  they  could  be  secured.  I  am  sure  the 
Papers  Committee  would  be  glad  of  any  assistance  he  could  render  in 
obtaining  such  advance  data. 

Mr.  Davidson's  point  of  sticking  to  a  definite  time  schedule  in 
the  delivering  of  papers  has  also  been  given  much  thought  and 
discussion,  not  only  by  your  President,  but  by  the  Papers  Committee 
and  Board  of  Governors  as  well. 

There  is  a  good  deal  to  say  on  both  sides  of  the  fence.  It  is 
always  advantageous  to  have  an  author  deliver  his  own  paper  and 
be  present  to  answer  the  discussion.  In  many  cases  this  could  not 
be  done  if  an  absolute  schedule  were  adhered  to.  Such  a  procedure 
would  also,  at  times,  leave  us  periods  of  an  hour  or  more  in  the  middle 
of  a  program  with  nothing  to  do. 

If  all  of  us  were  present  only  at  the  delivery  of  the  particular 
paper  in  which  we  were  interested,  the  sessions  would  be  poorly 
attended,  and  little  Society  business  could  be  conducted. 

It  seems  to  me  desirable  to  have  papers  delivered  as  nearly  as 
possible,  as  per  schedule,  and  to  announce  any  changes  as  far  in 
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advance  as  practicable.  I  believe  that  such  a  procedure  will,  on  the 
whole,  result  in  the  most  smoothly  running  convention.  The  matter, 
however,  is  entirely  in  your  hands  as  the  Chair  will  carry  out  the 
wishes  of  the  majority  in  so  far  as  they  can  be  learned,  so  let  us  have 
full  discussion  of  these  questions. 

Mr.  L.  A.  Jones:  There  is  undoubtedly  argument  on  both  sides 
of  the  question  and  there  seems  to  be  no  entirely  satisfactory  solution. 
Personally,  I  think  that  a  paper  read  by  some  one  other  than  the 
author  loses  much  of  its  force  and  for  this  reason  it  is  highly  desirable 
to  have  each  author  present  his  own  paper.  In  order  to  do  this, 
we  have  at  this  convention  had  to  change  the  time  at  which  certain 
papers  were  presented.  I  do  think  that  a  man  offering  a  paper  should 
be  interested  enough  to  come  to  the  meeting  and  present  the  paper 
at  the  time  it  is  scheduled  on  the  program.  The  Papers  Committee 
has  always  been  willing  to  accommodate  a  contributor  by  placing 
his  name  on  the  program  at  the  time  most  convenient  to  him.  While 
it  is  desirable  to  attract  non-members  to  our  meetings,  this  will  result 
in  little  gain  to  the  Society  unless  we  can  make  these  meetings  so 
interesting  as  to  induce  these  people  to  become  members  of  the 
Society  and  to  contribute  to  future  meetings.  It  is  desirable,  I 
grant,  to  attract  people  to  our  meetings,  but  I  do  not  believe  we  should 
sacrifice  everything  to  accomplish  this.  I  have  felt  that  it  is  very 
desirable  to  arrange  the  program  so  that  the  contributor  can  read 
his  own  paper  and  in  the  past  we  have  sacrificed  other  things  in 
order  to  accomplish  this. 

Mr.  Renwick:  Another  point  I  should  like  to  raise  is  that  if 
we  don't  attract  to  our  meetings  people  who  are  not  members  how 
are  we  going  to  increase  our  membership?  My  suggestion  was  only 
one  for  increasing  the  membership. 

Dr.  Kellner:  I  know  that  Mr.  Jones  has  had  a  very  difficult 
task  in  getting  the  programs  together  for  the  last  two  years  and  I 
believe  one  of  his  problems  has  been  to  get  the  papers  in  time  to 
permit  the  distribution  of  programs  before  the  meetings.  I  think 
we  should  be  in  the  same  position  as  other  societies  that  distribute 
their  programs  two  or  three  weeks  before  the  meeting.  I  also  think 
a  brief  synopsis  should  be  appended  to  every  title  on  the  program  so 
that  people  will  know  what  the  paper  is  to  deal  with,  because  frequently 
the  nature  of  the  contents  of  a  paper  is  not  indicated  definitely  by 
the  title.  Why  cannot  this  be  done?  I  know  I  am  as  bad  as  anyone 
in  this  respect  but  I  do  think  we  should  be  able  to  get  our  program 
out  a  few  weeks  before  the  meeting. 

Mr.  L.  A.  Jones:  Dr.  Kellner's  suggestion  is  excellent  and  we 
have  tried  to  do  just  what  he  suggests.  I  should  like  to  point  out, 
however,  that  we  are  situated  somewhat  differently  from  the  other 
societies  which  he  has  in  mind.  For  instance,  the  Physical  Society 
with  a  membership  of  many  hundred  does  not  have  to  go  out  and  get 
papers,  the  papers  come  in  automatically.  As  a  matter  of  fact,  they 
have  so  many  papers  for  each  of  their  meetings  they  can  only  be  read 
in  abstract  and  as  a  rule  from  ten  to  fifteen  minutes  are  allowed  for 
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each  paper.  If  the  membership  of  the  Society,  will  support  its  Papers 
Committee  in  that  way,  there  will  be  no  difficulty  whatever  in  having 
the  program  printed  weeks  before  the  convention  and  preprints  of 
the  papers  published  if  so  desired.  The  same  is  true  to  a  lesser 
extent  with  the  Optical  Society  of  America.  Many  of  the  members 
of  this  society  are  specifically  engaged  in  research  work  and  plan 
many  weeks  ahead  to  present  papers  at  the  annual  meeting  of  the 
Society.  The  Illuminating  Engineering  Society  is  another  example 
of  a  larger  society,  and  there  again  the  papers  come  in  automatically 
from  the  members  without  the  Papers  Committee  getting  out  and 
digging  them  up.  It  is  probable  that  in  all  three  cases  I  have  men- 
tioned, the  volume  of  publishable  material  is  somewhat  larger  than 
in  the  case  of  our  Society.  It  is  probable  that  we  can  not  at  the 
present  time  hope  to  follow  in  all  respects  the  procedure  of  these 
societies.  Another  point  of  difference  is  this.  Practically  all  of  the 
papers  presented  at  the  meetings  of  these  societies  are  by  members, 
while  we  are  compelled  to  go  outside  of  our  own  membership  in  order 
to  get  the  papers  we  want.  This  follows  naturally  from  the  con- 
dition that  in  the  case  of  the  motion  picture  engineers  there  are  many 
men  doing  work  bearing  directly  on  motion  picture  engineering  who 
are  not  members  of  the  Society.  If  these  men  can  be  induced  to  join 
our  organization,  conditions  would  be  much  better.  I  may  be 
unjustified  in  my  attitude  but  it  seems  to  me  that  in  the  case  of  these 
societies  I  have  mentioned  the  members  look  forward  to  the  annual 
convention  and  consider  it  a  desirable  thing  to  present  a  paper  at 
the  meeting,  while  in  the  case  of  this  Society  many  of  the  members 
have  little  desire  to  present  papers  but  look  upon  the  convention  as 
a  place  where  they  can  come  to  hear  the  program  which  their  Papers 
Committee  has  prepared.  I  sincerely  hope  that  the  membership  of 
the  Society  will  in  the  future  feel  a  little  different  in  regard  to  these 
meetings  and  feel  that  it  is  up  to  them  to  contribute  something  to  the 
success  of  our  conventions. 

Mr.  Davidson:  I  disagree  with  Mr.  Jones.  I  think  he  has  the 
cart  before  the  horse.  I  think  we  can  get  the  membership  if  we  do 
the  thing  that  he  says  is  impossible.  Even  if  we  had  to  omit  a  paper, 
in  case  the  author  was  not  present  to  read  it,  I  think  the  adherence 
to  the  rigid  program  would  be  justified.  If  this  were  done,  we  could 
expect  to  induce  interested  people  to  attend  certain  sessions  and  I 
think  it  would  be  worth  while  to  get  such  people  here  even  for  one 
day.  I  do  not  altogether  agree  with  Mr.  Jones  that  because  a  man 
can  not  attend  the  whole  convention  he  is  not  an  exceedingly  valuable 
man  to  the  Society.  We  have  men  who  find  it  possible  to  attend 
only  one  or  two  days  of  our  convention  but  they  are  more  important 
in  many  cases  than  one  of  their  subordinates  who  can  be  at  the  entire 
convention.  Undoubtedly,  you  all  remember  professors  in  college 
whose  one  lecture  was  more  valuable  than  the  entire  course  of  lectures 
by  some  mere  instructor.  I  think  we  are  catering  too  much  to  one 
or  two  men  who  do  not  get  their  papers  in.  I  may  be  wrong  in  this, 
but  I  want  to  bring  it  before  the  Society. 
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Mr.  Cook:  I  don't  think  that  Mr.  Jones  needs  any  assistance 
in  stating  his  arguments  as  he  has  so  ably  done,  but  the  specific 
difference  between  the  different  discussions  is  that  a  number  are 
talking  about  a  theory  which  may  be  beautiful,  but  Mr.  Jones  is 
talking  about  a  hard  fact.  Other  plans  may  be  desirable,  but  you 
can't  get  around  the  fact  that  in  this  society  we  cannot  get  sufficient 
papers  to  prepare  a  cast  iron  program  in  advance.  Mr.  Jones  has 
pointed  out  that  this  is  a  fact  and  no  amount  of  argument  will 
change  it.  Unless  the  Society  grows  and  the  production  of  papers 
makes  it  possible,  the  facts  will  remain  as  at  present. 

Mr.  Renwick:  I  should  like  to  say  that  I  agree  with  Mr. 
Davidson  and  disagree  with  Mr.  Cook.  The  problem  is  a  practical 
one,  and  from  that  point  of  view  I  was  looking  at  it.  I  don't  want 
to  drag  in  trans-Atlantic  societies,  but  the  Faraday  Society  was 
faced  with  the  same  problem  you  have  to-day,  but  they  have  pub- 
lished transactions  which  are  eagerly  bought  all  over  the  world. 
Nine-tenths  of  the  papers  were  contributed  by  people  who  at  that 
time  were  not  members.  I  think  you  should  advertise  your  society 
to  get  it  widely  known  among  circles  you  would  be  glad  to  count 
among  your  membership.  The  method  they  adopted  was,  they  had 
a  permanent  office  in  London  run  by  a  paid  secretary,  and  from  time 
to  time  a  committee  would  be  appointed  to  draft  a  program  for  a 
meeting  on  some  special  subject  of  a  physicochemical  nature.  Those 
invited  to  become  members  of  such  committees  were  not  exclusively 
members  of  the  Society.  The  committee  suggests  names  of  the  men 
known  to  be  prominent  workers  in  that  line,  and  use  their  personal 
influence  to  get  them  to  come  or  to  contribute  papers.  I  have  been 
present  at  several  such  meetings  attended  by  at  least  five  or  six 
hundred  people  of  whom  the  majority  were  not  members  but  as  a 
result  to-day  the  Faraday  Society  is  regarded  as  one  of  the  leading 
societies  of  its  kind  in  the  world. 

Mr.  L.  A.  Jones:  I  think  Mr.  Ren  wick's  remarks  are  very 
interesting  and  I  am  glad  that  this  discussion  was  started  since  by 
our  very  disagreement  much  interesting  information  has  been  brought 
out.  The  desirability  of  getting  the  papers  far  enough  in  advance  of 
the  convention  so  that  programs  can  be  published  and  mailed  to 
the  members  has  been  mentioned.  During  the  past  two  years,  I 
have  tried  to  do  this  but  have  come  to  the  conclusion  that  it  is  im- 
possible for  one  individual  to  do  it  without  active  co-operation  of 
the  members  of  the  Society.  If  such  is  desired  by  the  Society,  it  is 
up  to  the  members  of  the  Society  as  individuals  to  make  it  possible. 

Mr.  Richardson:  The  Society  of  Illuminating  Engineers,  of 
which  I  was  a  member,  learned  something  as  to  the  value  of  that 
feature,  and  I  think  this  discussion  runs  along  these  lines.  They 
hold  meetings  to  consider  one  subject,  and  only  those  interested  in 
that  particular  proposition  attend.  The  question  arises  in  my  mind 
whether  or  not  that  is  desirable  in  this  society.  If  we  have  those 
interested  in  theatres  at  one  meeting  and  those  interested  in  labora- 
tories at  another  meeting,  we  should  not  get  the  good  results  which 


come  from  personal  contact  by  men  in  various  branches  of  the 
industry. 

As  to  getting  papers  in  soon,  I  have  contributed  a  number  to 
this  society.  I  find  it  difficult  to  undertake  the  preparation  of  a 
paper  which  will  be  really  worth  anything  when  the  task  must  be 
superimposed  upon  the  other  things  I  have  to  do.  I  am  not  one  who 
can  sit  down  and  write  a  paper  the  first  draft  of  which  will  suit  me. 
It  may  be  as  much  as  three  or  four  months  before  I  get  the  paper  to 
suit  me.  If  I  did  it  sooner .  it  would  not  be  a  paper  I  should  want 
to  present  to  this  society.  I  think  we  want  papers  of  general  interest 
to  get  out  the  different  elements  of  the  industry  and  that  it  will  be 
much  better  than  specializing  on  a  particular  subject. 

Dr.  Hitchins  :  A  few  weeks  ago  I  was  elected  secretary  of  the 
Technical  Photographic  &  Microscopical  Society,  and  we  have  started 
what  Mr.  Ren  wick  advocates,  inviting  people  to  deliver  papers, 
become  members,  or  be  present  and  air  their  views;  it  is  bringing  in 
papers  and  applications  for  membership,  and  I  think  his  idea  a  very 
sound  one. 
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FILM  SPROCKET  DESIGN 

By  J.  G.  Jones 

THE  analogy  between  motion  picture  film  running  over  sprockets, 
and  the  metallic  link  belts  or  power  transmission  chain  running 

with  chain  sprockets  can  exist  only  when  the  pitch  of  the  film 
is  identical  with  the  pitch  of  the  sprocket  teeth  on  which  it  is  being 
run.  In  the  manufacture  of  power  transmission  chain  and  sprockets 
every  effort  is  made  to  maintain  identical  pitch  in  both  chains  and 
sprockets.  Commercial  accuracy  of  metal  power  transmission  chain 
admits  of  a  tolerance  of  approximately  1/32"  to  1/16 "  per  foot. 
This  is  equivalent  to  approximately  M  to  3^2  of  one  per  cent,  but  in  a 
chain  there  is  always  elongation  corresponding  to  negative  shrinkage 
in  the  case  of  film.  The  tools  for  locating  holes  in  chain  members 
being  accurate  as  to  center  distance  all  discrepancy  in  pitch  is  equal 
to  the  accumulated  tolerances  in  working  fit  of  pins  and  holes.  This 
may  be  compensated  for  to  a  certain  extent  in  cutting  the  teeth  of 
the  sprockets.  But  even  though  the  conditions  are  not  perfect,  the 
chain  will  accommodate  itself  to  the  sprocket  in  a  measure  and  give 
satisfactory  results. 

Case  A.  Figure  1  shows  a  chain  too  long  for  the  pitch  of  sprocket, 
resulting  in  interference  as  indicated  by  the  arrows. 
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Case  A.    Fig.  1. 


Case  B.    Figure  2  is  a  chain  elongated  but  with  running  clear- 
ance, not  perfect  mesh  however. 
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CaseB.    Fig.  2. 

Case  C.    Figure  3  shows  a  chain  so  short  as  to  cause  interference, 
impossible  working  condition. 
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CaseC.    Fig.  3. 

These  three  cases,  none  of  which  is  a  good  practical  working 
condition,  are  shown  as  a  basis  of  comparison  with  the  film  conditions 
we  will  show  later. 

With  motion  picture  film  sprockets,  however,  some  of  the  condi- 
tions have  been  overlooked  by  the  engineer,  as  film  of  varying  ages 
and  quality  passing  through  varying  methods  of  developing  and 
drying,  results  in  a  variation  in  pitch  of  perforations  ranging  from 


about  .2  %  swell  to  approximately  3%  shrinkage.  Serious  damage  is 
done  to  the  film  unless  the  film  sprockets  are  carefully  designed  to 
accommodate  these  varying  conditions. 

A  good  design,  therefore,  should  produce  a  sprocket  which  will 
run  with  film  having  .2%  swell  to  3%  shrinkage  without  destructive 
interference.  Absence  of  interference  does  not  mean  that  the  best 
running  conditions  will  exist  throughout  this  entire  range  for  the 
reasons  which  will  be  explained  and  illustrated  by  lantern  slides. 

A  comparison  of  a  large  number  of  laboratory  wear  and  tear 
tests  indicates  that  with  a  large  percentage  of  sprockets  now  in  use,  the 
least  destructive  effect  is  shown  when  the  film  being  run  has  shrunken 
or  has  a  shorter  pitch  than  the  "identical"  or  actual  pitch  of  the 
sprocket.  With  this  condition,  the  driving  of  the  film  is  done  by  the 
leaving  tooth  so  that  we  may  assume  this  to  be  the  best  running 
condition,  except  the  theoretical  condition  of  perfect  mesh  or  "iden- 
tical pitches"  for  both  film  and  sprocket,  which  rarely,  if  ever,  exists. 

There  is  one  fact  that  should  be  considered  and  that  is,  only  one 
tooth  in  each  row  of  teeth  of  a  sprocket  within  the  arc  of  contact  can 
possibly  be  in  driving  engagement  with  the  film  perforations,  except 
under  perfect  condition,  as  aforesaid,  when  the  pitch  of  the  film  being 
run  is  identical  with  that  for  which  the  sprocket  is  designed. 

For  the  purpose  of  illustration,  let  us  assume  a  condition  of 
perfect  mesh  between  film  and  sprocket,  that  is,  where  every  tooth  in 
the  arc  of  contact  is  in  perfect  contact  with  the  edge  of  the  correspond- 
ing perforation,  as  shown  in  Figure  4.    Now  let  us  assume  rotation 
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Ideal  condition,  perfect  mesh,  all  teeth  are  drivers,  pitch  of  film  identical  with  that  of  sprocket. 

Fig.  4. 

to  be  given  the  sprocket.  Also  assume  that  the  film  has  suddenly 
stretched  or  swollen  so  that  the  pitch  (or  distance  from  center  to  center 
of  perforations)  is  longer  than  the  distance  from  center  to  center  of 
the  sprocket  teeth  (measured  along  a  circle  approximately  .003" 
above  the  base  of  the  teeth) ,  then  the  only  tooth  bearing  against  the 
edge  of  a  perforation  would  be  the  entering  tooth  as  at  "A",  Figure  5. 
If  the  film  should  continue  to  elongate,  there  would  then  be  inter- 
ference on  the  back  of  the  leaving  tooth,  CC",  Figure  6.  This  is  the 
condition  which  occurs  when  unshrunken  film,  or  film  having  a  small 
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Poor  c  ndition.     Pitch  of  film  greater  than  that  o''  s.  rocket. 

Fig.  5. 

MOTION   PICTURE  FILM  IN  MESH  WITH  FILM  SPROCKET. 


Interference  due  to  the  little  shrinkage.     Pitch  of  film  greater  than  that  of  sprocket. 

Fig.  6. 

percentage  of  shrinkage,  is  run  on  a  sprocket  designed  for  film  having 
a  rather  high  shrinkage.  This  is  a  bad  running  condition,  and  any 
stage  between  this  and  perfect  mesh  is  not  good,  as  it  results  in  a  for- 
ward slip  or  pushing  forward  of  the  film  by  the  successive  entering 
teeth,  by  an  amount  equal  to  the  difference  between  the  pitch  of  the 
film  and  the  pitch  of  the  sprocket  as  "B",  Figure  5. 

Figure  7  shows  excessive  interference  on  back  of  leaving  tooth 
at  "E"  and  also  on  entering  tooth  at  "F",  due  to  too  little  shrinkage. 

MOTION  PICTURE  FILM  IN  MESH  WITH  FILM  SPROCKET 


Excessive  interference,  due  to  too  little  shrinkage  or  too  much  swell. 
Pitch  of  film  much  greater  than  that  of  sprocket. 

Fig.  7. 
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Starting  again  from  perfect  mesh,  let  us  now  assume  the  film 
to  be  shrunk  or  shortened,  then  the  only  tooth  in  engagement  is  the 
leaving  tooth,  "G",  Figure  8.  This  by  numerous  wear  tests,  running 
endless  or  belted  film,  indicates  the  best  wearing  condition.  There  is 
here  a  backward  slip  of  the  film  equal  to  the  difference  between  the 
pitch  of  the  film  and  the  pitch  of  the  sprocket,  "H"3  Figure  8,  which 

MOTION  PICTURE  FILM  IN  MESH  WITH  FILM  SPROCKET. 


Good  condition.     Pitch  of  film  less  than  that  of  sprocket,  but  not  sufficiently 
so  as  to  cause  interference. 

Fig.  8. 


amounts  to  deceleration  and  tends  to  ease  up  the  impact  of  the  teeth 
against  the  edge  of  the  perforations,  especially  on  the  intermittent 
sprocket.  Also  the  friction  due  to  wrap  of  the  film  on  the  base 
diameter  helps  to  pull  the  film  along  and  eases  the  stress  on  the 
edge  of  the  perforations.  This  is  a  better  running  condition  than  when 
the  film  is  being  crowded  forward  as  mentioned  in  the  case  of  film 
having  longer  pitch  than  the  pitch  of  the  sprocket.  This  favorable 
running  condition  holds  until  the  film  is  shrunken  enough  to  interfere 
at  the  back  of  the  entering  tooth,  "I",  Figure  9.  Any  further  shrinkage 
will  result  in  excessive  interference  so  that  destruction  of  film  will 
result,  as  at  "K",  Figure  10. 

MOTION  PICTURE  FILM  IN  MESH  WITH  FILM  SPROCKET. 


Interference  due  to  too  much  shrinkage.     Pitch  of  film  less  than  that  of  sprocket. 

Fig.  9 
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Excessive  interference,  due  to  too  much  shrinkage. 
Pitch  of  film  much  less  than  that  of  sprocket. 

Fig.  10. 

We  have  now  reached  a  point  in  this  discussion  where  there  are 
three  aspects  of  the  film  sprocket  problem  to  be  considered,  namely : 

1 .  The  abstract  analysis  of  the  problem  from  a  purely  academic 
view  point. 

2.  The  compilation  of  data  relating  to  existing  designs,  results 
obtained  with  such  designs,  and  consideration  of  the  conclusions  which 
properly  may  be  based  upon  these  results. 

3.  The  practical  application  of  the  knowledge  and  experience 
gained  to  date  from  the  two  foregoing,  to  the  concrete  design  of 
film  sprockets  which  will  give  steadiness  of  projection,  combined 
with  maximum  life  of  the  film,  under  normal  service  conditions. 

Without  going  into  the  academic  phase  of  the  problem  too 
deeply  in  this  discussion,  it  may  be  well  to  define  some  of  the  expres- 
sions which  will  frequently  occur,  such  as: — 

The  pitch  diameter  of  a  sprocket  is  the  diameter  of  an  imaginary 
circle  coinciding  with  the  center  line  or  neutral  axis  of  the  film,  when 
in  contact  with  the  base  diameter  of  the  sprocket,  and  is  therefore 
equal  to  the  base  diameter  plus  the  thickness  of  the  film.    Figure  11. 

The  circular  pitch  of  the  sprocket  teeth  is  the  distance  from  center 
to  center  (or  from  flank  to  flank)  of  the  teeth  measured  along  the 
arc  of  a  circle  coinciding  with  the  center  line  or  neutral  axis  of  the 
film  when  in  contact  with  the  base  diameter  of  the  sprocket.  Circular 
pitch,  therefore,  is  equal  to  a  tooth  and  a  space,  measured  on  the  pitch 
circle.     Figure   11. 

The  base  diameter  is  the  diameter  measured  at  the  base  of  the 
sprocket  teeth.    Figure  11. 

A  brief  abstract  treatise,  including  some  thirty  formulae,  has  been 
compiled  by  our  Engineering  Staff,  covering  the  necessary  calculations 
involved  in  motion  film  sprocket  design,  which  can  be  obtained  (in 
typewritten  form)  by  those  interested  in  the  designing  of  sprockets. 

The  second  phase  relating  to  the  analysis  of  available  data 
should  be  given  closer  attention  in  this  discussion.  Interference  of 
film  and  sprocket  teeth  is  of  two  kinds,  longitudinal  and  transverse; 
i.e.,  lengthwise  and  crosswise  of  the  film. 

Three  charts  have  been  compiled  to  show  at  a  glance  the  principal 
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Note:     Pitch  line  in  the  middle  of  the  film,  or  neutral  axle,  emulsion  runs  in  or  out. 
The  tooth  at  all  times  is  within  the  involute  curve  generated  on  the  base  circle. 

Fig.  11. 

dimensions  and  characteristics  of  commercial  projection  machine 
sprockets  we  have  been  able  to  secure  for  examination,  manufactured 
in  this  country  and  in  Europe. 

All  values  and  charted  interferences  are  based  on  Bell  &  Howell 
standard  perforation  and  pitch,  i.e.,  .073"  x  .110"  dia.,  .08228  length 
of  flat,  sharp  corner,  .1870"  pitch  and  1.109"  transverse  gauge. 

Figure  12  shows  the  longitudinal  interference  and  zone  of  clear- 
ance; the  interference  being  shown  by  the  heavy  blocked- in  section, 
the  zone  of  clearance  is  the  open  space  between  extremities  of  the 
blocked-in  areas.  As  an  example  of  how  these  charts  are  used,  we 
desire  to  know  if  film  of  normal  pitch,  film  which  has  not  shrunk,  will 
run  without  interference  on  "E"  and  "A"  projectors,  and  if  not,  how 
much  it  must  be  shrunken  before  it  will  run  without  interference,  and 
also  the  maximum  shrinkage  possible  to  run  on  either  one  of  these 
machines.  Referring  to  Figure  12,  the  vertical  margin  shows  the  per 
cent  shrinkage,  each  small  division  of  the  cross  section  shows  1/20  of 
one  per  cent  or  .05  of  1%,  and  each  heavy  line  represents  .5  of  1% 
shrinkage.  Follow  the  heavy  zero  line  across  to  the  5th  or  "E" 
column.  Glancing  upward,  we  note  that  the  solid  blocked  area 
terminates  between  the  second  and  third  light  lines  above  heavy 
line  2  of  the  cross  section.  This  indicates  that  when  film  has  shrunken 
approximately  2.15%  interference  would  take  place  on  the  take-up 
sprocket  of  the  "E"  machine,  as  that  portion  of  the  blocked  area  is 
directly  above  the  sub-division  in  the  "E"  column  which  relates  to 
the  take-up  sprocket.  This  may  be  seen  clearly  in  Figure  9,  shown 
before.     The  intermittent  sprocket,  however,  would  not  interfere 
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Fig.  12. — Charted  (Longitudinal)  pitch  interference  of  sprocket  teeth  with  cine 

ing  at  what  percent  shrinkage  interference  occurs.    The  range 

The  range  of  clearance  is  that  between 
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film  under  normal  operating  conditions  on  leading  commercial  projectors,  show 
of  interference  is  represented  by  the  area  within  the  solid  lines, 
the  top  and  bottom  areas  of  interference. 
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until  the  film  had  shrunken  3.67%  approx.,  while  the  feed  sprocket 
would  begin  to  interfere  at  2.65%;  so  that  the  zone  with  no  interfer- 
ence for  the  "E"  machine  would  be  from  zero  to  2.15%. 

To  check  the  projector  charted  in  column  "A",  there  would  be  no 
interference  on  the  intermittent  sprocket  until  the  film  had  shrunken 
2.43%.  The  take-up  sprocket  would  not  run  film  until  it  had 
shrunken  .25%  (which  is  about  the  normal  shrinkage  of  newly  printed 
and  developed  film);  at  this  shrinkage  the  condition  would  be  as  in 
Figure  6,  the  edges  of  perforations  just  touching  the  teeth  at  "C" 
and  "D".  Interference  would  begin  on  the  take-up  sprocket  when 
film  had  shrunken  2.08%.  The  feed  sprocket  would  not  run  film  with- 
out interference  until  it  had  shrunken  .85%,  and  interference  would 
begin  on  the  feed  sprocket  at  1.56%.  So  that  the  zone  of  non- 
interference on  the  "A"  machine  would  be  from  .85%  to  1.56%, 
rather  a  narrow  zone  of  non-interference. 

The  transverse  interference,  Figure  16,  would  be  checked  on 
chart,  Figure  13,  in  the  same  manner,  and  the  final  zone  of  non- 
interference would  have  to  be  read  on  Composite  Chart,  Figure  14, 
which  would  reduce  the  "A"  zone  of  non-interference  to  the  limits 
between  .85%  and  1.05%;  but  on  the  UE"  machine  the  zone  of  non- 
interference, as  will  be  noted,  is  not  affected  by  the  transverse  inter- 
ference as  on  this  particular  machine  it  happens  that  the  heavy  dotted 
lines  and  the  area  included  within  the  full  lines  terminate  at  the  same 
place,  namely  2.15%. 

It  is  interesting  to  note  that  on  one  projection  machine  there  is 
no  zone  of  non-interference,  the  11th  column  or  "K"  projector,  as 
not  only  do  the  areas  within  the  solid  lines,  which  denote  longi- 
tudinal interference,  overlap  the  zone  of  clearance;  but  also  the  dotted 
lines,  which  denote  transverse  interference,  overlap  the  non-inter- 
ference zone  on  both  the  feed  and  take-up  sprockets. 

After  having  determined  the  zone  of  non-interference  for  a 
projector,  there  is  another  very  important  point  to  be  considered,  and 
that  is,  the  relation  between  the  shrinkage  of  the  film  being  run  and 
the  corresponding  shrinkage  or  identical  shrinkage  for  which  the 
sprocket  was  designed,  shown  at  the  bottom  line  of  Chart,  opposite 
"Corresponding  Shrinkage"  and  under  each  sprocket  column.  If 
the  shrinkage  of  the  film  being  run  on  a  sprocket  is  less  than  the  value 
shown  in  this  column  under  the  sprocket,  the  film  will  have  an  added 
forward  slip  on  that  sprocket  and  will  be  driven  by  the  entering 
tooth  instead  of  the  leaving  tooth,  so  that  the  best  running  condition 
will  not  exist  as  referred  to  previously  and  shown  on  Figure  8. 

For  instance,  although  the  Chart  shows  that  the  "E"  machine 
will  not  interfere  with  film  until  same  has  shrunken  2.15%,  the 
takeup  sprocket  which  begins  to  interfere  at  this  point  is  designed  to 
mesh  perfectly  with  film  .73%  shrunken,  so  that  when  running  film 
below  this  shrinkage  the  driving  contact  is  on  the  entering  tooth; 
therefore,  the  best  running  condition  on  the  "E"  machine  would  be 
when  running  film  having  .73%  to  2.15%  shrinkage;  and  on  the 
aA"  machine  the  best  running  condition  would  be  with  film  having  a 
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shrinkage  between  1.23%  (the  identical  shrinkage  for  which  the 
sprocket  was  design  d)  and  1.56%  if  we  disregard  transverse  inter- 
ference, but  as  this  transverse  interference  begins  at  1.05%  and  the 
"A"  machine  resultant  zone  of  non-interference  is  limited  between 
.85%  longitudinal  and  1.05%  transverse,  there  is  no  point  at  which 
film  can  be  run  on  the  UA"  projector  under  what  is  presumed  to  be 
the  best  running  condition  based  on  our  analysis  of  this  matter. 

As  the  number  of  teeth  within  the  arc  of  engagement  which  may 
engage  the  perforations  directly  affects  the  zone  of  non-interference, 
in  designing  a  projection  machine  this  arc  should  be  made  to  suit 
the  desired  zone  of  non-interference.  In  UE"  column  decreasing  the 
number  of  teeth  in  the  arc  of  contact  from  seven  to  five,  pitch  of 
sprocket  teeth  remaining  the  same,  ..the  zone  of  non-interference  is 
extended  over  .5%  additional  longitudinal  film  shrinkage.  Likewise 
on  "A"  decreasing  the  number  of  teeth  in  arc  of  contact  from  eighteen 
to  seven,  pitch  of  sprocket  remaining  the  same,  the  zone  of  non- 
interference is  extended  by  approximately  1.11%  longitudinal 
film  shrinkage,  and  by  eliminating  transverse  interference,  "A" 
would  have  a  zone  of  non-interference  equal  to  the  average. 

The  exact  conditions  charted  for  intermittent  sprocket  of  "L" 
projector,  Figure  12,  are  illustrated  on  Figure  15.  As  can  be  seen  the 
newly  perforated  film  will  not  seat  on  the  base  diameter  until  film 
has  shrunk  .47% — good  running  condition  will  not  be  reached  until 
film  has  shrunk  1.51%  and  interference  begins  again  at  2.4%,  a  fair 
range  of  good  running  condition  but  requiring  rather  high  shrinkage. 

With  this  information  before  us,  we  may  now  proceed  to  the 
consideration  of  the  design  of  a  film  sprocket  which  may  be  produced 
commercially,  and  which  will  have  the  desired  range  or  zone  of  good 
running  conditions  with  the  minimum  of  the  disadvantages  which 
we  have  shown  to  have  existed  heretofore.  The  essential  data  upon 
which  such  a  design  may  be  based  is  of,  let  us  say,  three  classes : 

(a)  Known  positively: 

1.  Perforated  pitch  of  the  raw  film — .187" 

2.  Transverse  gauge  of  perforations  of  raw  film — 1.109" 

3.  Thickness  of  the  film—  .006" 

4.  Number  of  teeth  in  sprocket  — 16 

5.  Number  of  teeth  in  arc  of  contact  of  the  film  with  the 
sprocket — 7. 

6.  Size  and  shape  of  perforations — Bell  &  Howell.ll0"dia.  X 
.073"  wide. 

(b)  Variable,  known  or  assumed: 

1.  Per  cent  shrinkage  for  perfect  mesh — .13% 

2.  Zone  of  best  working  conditions — .13%  up  to  2%. 

(c)  To  be  determined  by  formulae: 

1.  Shape  of  teeth. 

2.  Thickness  of  teeth. 


3.  Base  diameter. 

4.  Outside  diameter. 

5.  Transverse  gauge  or  width  from  center  to  center  of  the  two 
rows  of  sprocket  teeth. 

Shape  of  Teeth: 

The  contour  of  the  sprocket  tooth  should  be  such  that  the  radius 
of  the  face  of  the  tooth  will  always  fall  inside  of  the  normal  involute 
of  the  base  diameter.  The  center  from  which  this  radius  is  struck 
should  be  located  in  a  position  that  will  cause  the  arc  to  pass  through 
the  intersection  of  the  involute  curve  and  the  base  diameter  and  leave 
the  desired  width,  or  outside  land,  at  the  point  of  the  tooth.  When 
these  conditions  exist,  the  radius  of  the  tooth  face  will  approximate 
the  true  involute  for  a  distance  greater  than  the  thickness  of  the  film 
and  give  the  utmost  possible  driving  contact  between  the  base  of  the 
tooth  and  the  inside  surface  of  the  perforation.  Fillets  at  root  of  tooth 
should  be  removed. 

The  formulae  used  in  the  following  calculations  are  those  pre- 
viously referred  to. 

Formula  No.  10  (transposed)  gives  circular  pitch  of  sprocket  for 
.13%  shrinkage.  Let  the  corresponding  shrinkage  for  perfect 
mesh  be  .13%,  then  P"  =  P  (1-S)  =  .18676"  =  pitch  of  sprocket  for 
N  number  of  teeth. 

Formula  No.  29  gives  tooth  thickness  for  chosen  range  of  shrink- 
age.    When  shrunk  2%  maximum — 
t  =  w(l-S)-N'[P"-P(l-S)]  =  .073(1-.  02)  -7x 

[.18676 -.187(1 -.02)] 
t  =  .  04704" 

[Pn  —  P(l  —  S)]  is  the  expression  for  that  increment  which  is  shown 
graphically  on  Figure  8  at  "H". 

Commercially,  this  figure  of  .04704' '  will  be  made  .050"  which 
will  slightly  decrease  the  range  of  running  clearance  and  it  is  well  to 
note  that  any  increase  or  decrease  in  tooth  thickness  had  a  correspond- 
ing effect  upon  the  running  range. 

The  range  of  clearance  is  approximately  equal  above  and  below 
the  identical  shrinkage,  or  perfect  mesh,  therefore,  interference 
below  zero  shrinkage  would  not  exist  until  a  point  equal  to  the 
maximum  shrinkage,  minus  the  identical,  had  been  reached. 

Formula  No.  7 — For  base  diameter. 

D,.iyrpq-^_fc.i6X.iw(i-<xioi8)_006.94518„ 

Outside  diameter. 
The  height  of  the  tooth  may  be  made  equal  to  the  thickness  of  the 
tooth,  or  the  outside  diameter  equals  Df  +  2t=  .94518  +  2X.050  = 
1.04518" 

We  will  now  check  to  see  if  the  result  conforms  to  our  require- 
ments. 

Formula  No.  14  — Swell  that  may  be  accommodated. 

no 


N'{P-P")-w+t_l(.m-  .  18676)-. 073+.050_ 
N'P-w  ~  7  X.  187 -.073 

-.0172  or  1.72%  swell. 

Formula  No.  15  — Shrinkage  that  may  be  accommodated. 
N'(P-P")+w-t_7(.  187-  .18676)  +  .073-. 050^ 
N'P+w  7  X.  187 -f.  073 

.0178  or  1.78%  shrinkage. 

As  this  falls  somewhat  short  of  the  maximum  shrinkage  desired, 
we  must  modify  our  design  so  as  to  increase  this  range.  There  are 
four  possibilities  as  follows: 

1.  Decrease  the  thickness  of  teeth. 

2.  Increase  the  identical  pitch  of  the  sprocket 

3.  Increase  the  width  of  perforation. 

4.  Decrease  the  number  of  teeth  in  contact. 

Since  further  decrease  of  the  thickness  of  the  teeth  might  meet  with 
mechanical  disadvantages,  and  increase  of  identical  pitch  of  the 
sprocket  increases  the  amount  the  film  must  be  shrunken  before 
the  range  of  good  running  condition  is  obtained,  there  remain  but 
the  two  possibilities  of  increased  width  of  perforation  or  to  decrease 
the  number  of  teeth  in  the  arc  of  contact.  It  will  be  found  that 
decreasing  the  number  of  teeth  in  contact  from  seven  to  six  will 
change  the  range  to  2.05%  swelled  and  2.04%  shrunk.  This,  then,  is 
a  real  remedy. 

It  has  been  shown  that  any  decrease  in  tooth  thickness  increases 
the  range  of  running  clearance  and  it  follows  that  any  increase  in 
the  width  of  perforation  would  have  a  like  result. 

We  have  yet,  under  Class  "c"  to  be  determined — 

1.  Shape  of  the  teeth — transversely. 

2.  Width  of  teeth. 

3.  Transverse  gauge  of  sprocket. 

It  has  been  determined  by  experience  that  the  transverse  shrink- 
age is  approximately  75%  of  the  longitudinal  shrinkage.  This 
expressed  by  Formula  No.  19  is:    T=  .75  S 

The  sides  of  the  teeth  should  be  parallel  for  .006//  to  .010,/ 
and  then  relieving  by  an  angle  of  say  15  to  20  degrees  to  the  vertical 
in  order  to  reduce  the  width  at  the  top  of  the  tooth. 

The  width  of  the  teeth  can  only  be  found  by  calculating  the 
outside  to  outside  of  flat  of  teeth,  measured  across  sprocket,  that 
would  cause  interference  with  film  having  the  greatest  shrinkage  of 
the  range  desired,  and  also  the  inside. to  inside  of  flat  of  teeth  measured 
across  sprocket  that  would  cause  interference  with  the  film  having 
the  least  shrinkage  of  the  range  desired  (or  perhaps  swelled  to  the 
maximum) . 

Outside  to  outside  is  found  by  Formula  No.  30.    A  =  B(l  -  .75S). 
First  value  for  B  — Formula  No.  16. 
B  =  G+L 

With  Bell  &  Howell  Standard  perforation  B  =  1.109  +  .08228  = 
1.19128" 
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Substituting  in  Formula  No.  30  when  S  =  maximum  film  shrink- 
age desired.     A  =  1.19128(1  -.75  X.  02)  =  1.173  + 

Inside  to  inside  of  teeth  is  found  by  Formula  No.  31. 
a  =  6(1 -'.755) 

First  value  for  b  in  Formula  No.  21 
b  =  G-L 

With  Bell  &  Howell  Standard  perforation  b  =1.109 -.08228  = 
1.02672,/ 

Substituting  in  Formula  No.  31  when  $  =  Sav  .1%  swelled  a  = 
1.02672  (1-.75  (-.001)  )  =  1.027  + 

The  width  of  tooth  flat  mav  be  expressed  as 
A-a_1.173-L027_  n7Q// 

~2~"  2         ~m6 

The  transverse  gauge  or  center  to  center   of  the  two  rows  of 
teeth, 
a -.073  or  1.027 -.073  =  1. 100" 

As  a  check  Formula  No.  25  may  be  used. 
0     B-A     1.19128-1.173      .„.        nnAOf    ,        , 
S  =  1?5B  =    .75X1.19128   = '°2^  °Y  2M%  rfmmk- 

By    Formula   No.  27 
a     b-a     1.02672-1.027  nnA(         rt._         ■    ,     ,  „ 

S  =  -^j^=     75xl02672   =~-QQQ^  or  -04%  stretched  or  swell  may 

be  run  on  this  sprocket  without  transverse  interference. 

To  summarize:  A  sprocket  to  run  film  under  best  conditions, 
from  .13%  shrinkage  up  to  2%  approx.  shrinkage  and  have  no  inter- 
ference to  approx.  1.72%  swell,  with  six  teeth  in  contact,  will  have 
these  characteristics: 

Shape  of  tooth,  to  clear  normal  involute. 

Thickness  of  teeth  .050" 

Base  diameter  .945 " 

Outside  diameter  1.045" 

Transverse  gauge  1.100" 

Transverse  width  of  flat  of  tooth  .073 "  (after  rounding  corners) 

Side  of  tooth  parallel  for  .006"  to  .010" 

Angle  of  sides^of  tooth  15  to  20  degrees  on  each  side. 

All  fillets  must  be  removed  at  root  of  tooth  and  all  burrs  taken 
with  wire  brush  or  similar  means. 

Figure  17  shows  new  style  perforation,  being  rectangular  in 
shape  with  round  corners.  This  style  perforation  has  been  adopted 
by  the  Eastman  Kodak  Company  for  use  on  16,  28  and  35  mm.  film. 
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NOMENCLATURE 

A    =  Outside  to  outside  of  flat  of  teeth  measured  across  sprocket. 

a     =  Inside  to  inside  of  flat  of  teeth  measured  across  sprocket 

B    =  Outside  to  outside  of  flat  of  perforations,  green  film. 

B'  =  Outside  to  outside  of  flat  of  perforations,  shrunk  film. 

b    =  Inside  to  inside  of  flat  of  perforations,  green  film. 

b'  =  Inside  to  inside  of  flat  of  perforations,  shrunk  film. 

D   =  Pitch  diameter  of  sprocket.     (See  Note  No.  1) 

D'  =  Base  diameter  of  sprocket. 

G   =  Gauge  (transverse)  of  perforations,  green  film. 

G'  =  Gauge  (transverse)  of  perforations,  shrunk  film. 

K  =  Thickness  of  the  film.     (See  note  No.  2) 

L    =  Length  of  flat  of  perforations,  green  film. 

L'  =  Length  of  flat  of  perforations,  shrunk  film. 

N  =  Number  of  teeth  in  sprocket. 

N'  =  Maximum  number  of  teeth  of  sprocket  that  may  engage  film. 

P    =  Perforated  pitch  (longitudinal)  of  green  film. 

P'  =  Pitch  of  perforations,  shrunk  film. 

P"=  Pitch  of  sprocket  teeth  (circular).    See  Note  No.  3. 

S    =  Shrinkage  per  unit  length  (longitudinal). 

T    =  Transverse  shrinkage  per  unit  width. 

t     =  Thickness  of  sprocket  tooth  at  root. 

w    =  Width  of  perforation,  green  film. 

Pi  =3.1416 

Note  No.  1 

The  pitch  diameter  of  a  sprocket  is  the  diameter  of  an  imaginary  circle 
coinciding  with  the  center  line  or  neutral  axis  of  the  film,  when  in  contact  with  the 
base  diameter  of  the  sprocket,  and  is,  therefore,  equal  to  the  base  diameter  plus 
the  thickness  of  the  film. 

Note  No.  2 

Twice  the  thickness  of  that  section  of  the  film  between  the  pitch  line  and 
the  base  diameter  of  sprocket.  When  based  on  the  assumption  that  the  cen- 
ter line  of  the  film  is  the  neutral  axis,  K  equals  thickness  of  film. 

Note  No.  3 

The  circular  pitch  of  the  sprocket  teeth  is  the  distance  from  center  to  center 
(or  from  flank  to  flank)  of  the  teeth  measured  along  the  arc  of  a  circle  coinciding 
with  the  center  line  or  neutral  axis  of  the  film  when  in  contact  with  the  base 
diameter  of  the  sprocket.  Circular  pitch  therefore  is  equal  to  a  tooth  and  a  space, 
measured  on  the  pitch  circle. 
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DISCUSSION 

Mr.  Richardson:  This  illustrates  a  point  which  has  puzzled 
me  for  a  long  while.  I  believe  that  the  intermittent  sprocket  teeth 
of  all  professional  projectors  engage  but  four  teeth  at  a  time  on  each 
side.  The  illustration  shows  more.  In  the  course  of  my  work  I  have 
occasion  to  examine  the  intermittent  sprockets  of  many  working  pro- 
jectors. I  find  that  very  many  of  them  show  more  or  less  undercut 
and  have  been  unable  to  understand  why  the  undercut  does  not 
cause  more  damage  than  it  appears  to.  The  paper  and  illustrations 
of  Mr.  Jones  explain  it. 

The  "undercut"  is  a  little  notch  worn  by  the  film  at  the  base  of 
the  working  side  of  the  sprocket  teeth.  If  the  film  pulled  away  from 
the  tooth  while  the  tooth  was  still  in  engagement  with  the  edge  of 
the  sprocket  hole,  naturally  the  edge  of  the  sprocket  hole  would  be 
braded  or  torn.  But  we  see  from  the  illustration  that  in  practice  only 
the  edge  of  the  first  of  the  four  sprocket  holes  is  in  actual  engagement 
with  the  teeth,  the  edges  of  the  other  holes  gradually  receding  until 
the  fourth  hole  is  entirely  out  of  engagement  with  the  sprocket 
tooth  when  the  film  leaves  the  sprocket. 

I  believe  the  Society  might  perform  a  valuable  service  by 
having  excerpts  made  from  the  paper  of  Mr.  Jones  and  forwarding 
them,  with  the  illustrations  accompanying  the  paper,  to  manufacturers 
of  professional  projectors. 

Not  long  since,  the  Jersey  City  Studios  of  the  Pathe  Company 
sent  me  photographs  of  enlargements  of  intermittent  sprockets. 
These  photographs  showed  faults  in  the  way  of  tooth  roughness 
almost  past  belief.  This  roughness  was  of  a  character  which  would 
abrade  and  cut  the  film  sprocket  hole  edge  seriously  until  it  finally 
wore  off. 

Mr.  J.  G.  Jones:  Some  manufacturers  of  projection  machines 
have  made  inquiry  in  regard  to  the  design  of  sprockets,  and  others 
have  come  to  our  plant  and  gone  over  the  formula  of  design  with  us 
and  have  made  changes  in  their  sprockets  to  conform  with  the  design 
worked  out  as  a  result  of  this  investigation.  They  were  much 
impressed  with  the  work  that  had  been  done  on  this  subject  and  were 
frank  to  admit  that  there  were  some  points  that  had  not  been  con- 
sidered in  the  manufacture  of  sprockets.  Complaints  had  been  made 
in  connection  with  film  being  weak  and  this  could  be  traced  back 
either  to  improper  design  or  badly  worn  sprockets. 

Mr.  Palmer:  I  should  like  to  ask  Mr.  Jones  if  they  investigated 
the  possible  damage  to  the  film  due  to  the  fact  that  it  has  a  transverse 
displacement  as  it  travels  through  the  projection  machine.     The 
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average  projection  machine  doesn't  have  any  arrangement  for  keeping 
the  film  centered  on  the  sprockets  while  it  is  running  through,  and  I 
wondered  if  there  is  possible  danger  of  this  occurring. 

Mb.  J.  G.  Jones:  There  is,  if  there  is  no  provision  for  keeping 
the  transverse  position  of  the  film  in  proper  alignment  with  the 
sprocket  teeth.  It  is  a  very  difficult  job  to  make  a  sprocket  light  and 
absolutely  correct,  the  teeth  on  both  sides  being  parallel  with  the 
axis.    The  sprocket,  of  course,  should  be  properly  set  in  line. 

Me.  Richardson:  That  is  the  job  of  the  projectionist.  If  the 
projector  sprockets  are  kept  in  correct  alignment,  the  film  will  stay 
centered.  I  believe  one  or  two  of  the  old  style  professional  pro- 
jectors had  an  arrangement  for  holding  the  film  central.  It  consisted 
of  a  film  track  with  one  stationary  side  and  one  movable  side  held 
against  the  film  by  a  light  spring.  It  was,  however,  discarded,  though 
I  do  not  remember  for  what  reason.  Possibly  because  of  the  oppor- 
tunity it  gave  for  projectionists  to  be  careless  in  the  matter  of  the 
alignment  of  the  sprockets. 

If  the  sprockets  be  kept  in  perfect  alignment,  there  will  be  no 
reason  why  the  film  will  not  stay  central  over  the  aperture. 

Mr.  Renwick:  I  should  like  to  ask  Mr.  Jones — this  is  purely 
an  engineering  paper  and  I  am  not  an  engineer — the  limits  of  expan- 
sion and  contraction  in  motion  picture  film  for  which  it  is  possible  to 
design  satisfactory  sprockets. 

Mr.  J.  G.  Jones:  There  is  sometimes  negative  shrinkage  of  .2% 
and  positive  shrinkage  of  about  3%  when  film  is  old.  Sprockets  can 
be  designed  for  running  throughout  this  range. 
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MOTION  PICTURE  CAMERA  TAKING  3200  PICTURES 
PER  SECOND 

C.  Francis  Jenkins 

PERHAPS  the  progress  which  has  been  made  in  the  perfection 
of  the  high  speed  camera  which  the  writer  brought  to  the 
attention  of  the  Society  at  the  Buffalo  Meeting,  October,  1921, 
might  be  interesting  to  you  as  engineers,  as  it  points  out  the  unique 
character  of  the  instrument  now  available  for  the  study  of  unusually 
high  speed  motions. 

Pictures  are  now  regularly  made  at  the  rate  of  3200  photographs 
per  second,  that  is,  200  times  standard  (16  pictures  per  second) 
motion  picture  speed.  In  the  study  of  high  speed  motion  it  is  com- 
parable to  a  microscope  of  200  diameter  power  in  the  study  of  small 
objects.  Speeds  still  higher  are  believed  feasible,  but  perhaps  not 
often  required. 

No  radical  modifications  in  the  camera  have  been  made  in  the 
past  two  years  in  order  to  regularly  attain  this  high  speed. 

The  lens  carrier  now  contains  48  matched  lenses.  This  matching 
we  had  to  do  ourselves  after  the  lenses  were  received  from  the  manu- 
facturers. It  is  a  tedious  job,  but  can  be  done  if  one  is  patient  and 
resourceful. 

The  other  difficult  problem  was  mounting  them  so  as  to  get  ab- 
solutely steady  pictures  on  the  screen  when  prints  were  made  from 
the  negatives.  No  machine  shop  tool  was  found  which  gave  the 
requisite  degree  of  accuracy,  so  a  special  method  had  to  be  worked 
out  therefor. 

The  camera  has  been  made  very  rugged,  and  is  driven  with  a 
battery  motor  which  permits  carrying  the  camera  into  the  field 
beyond  the  reach  of  city  power  current. 

We  still  continue  to  employ  a  loop  in  the  film  to  insure  flatness 
at  the  picture  exposure  aperture.  Friction  tension  is  absolutely 
out  of  the  question.  It  has  been  found  necessary  to  continue  the 
lubrication  of  the  film,  but  this  is  easily  and  automatically  done 
by  the  use  of  a  small  paraffine  block,  and  requires  no  attention. 

Subjects  for  study  of  which  this  camera  is  particularly  adapted 
will  readily  suggest  themselves  to  you.  The  subjects  we  have 
already  photographed  range  from  simple  to  more  complex  ones. 
Most  of  the  surprises  have  been  found  in  the    simplest   subjects. 

In  photographing  a  little  girl  skipping  a  rope,  it  was  discovered 
that  the  loop,  end  of  the  rope  after  it  dragged  under  her  feet  acceler- 
ated much  faster  than  any  other  part  of  the  rope,  so  that  the  loop 
end  actually  reached  a  vertical  position  above  her  head  well  in  ad- 
vance of  any  other  part  of  the  rope.  No  plausible  explanation  of  this 
has  yet  been  proposed  by  Siny  of  those  who  have  seen  these  pictures. 
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The  test  film  made  of  the  airplane  propeller  turning  over  1600 
R.P.M.  (wholly  invisible  to  the  eye,  of  course)  was  the  subject  that 
sold  one  of  these  cameras  to  the  Air  Service  of  a  foreign  nation. 

Perhaps  the  most  interesting  subject  was  the  photographing 
(at  3200  exposures  per  second)  of  pigeons  wings  when  the  pigeons 
were  released  from  a  basket.  It  is  a  classic.  The  wings  touch  both 
above  and  below  the  body  of  the  bird;  the  wing  bones  are  bent  at 


A  camera  for  trie  study  of  extreme  high  speed  motions.    Makes  pictures  at  speeds 

-    as  high  as  3,200  exposures  per  second,  on  standard  width  motion  picture 

film.    A  positive  print  therefrom  and  projected  at  normal  speed 

(16  per  second)  giyes  a  speed  reduction  of  the  object 

200  times  slower  than  the  original  speed. 

right  angles  on  the  back-stroke,  and  are  fully  extended,  that  is,  they 
are  straight  out  from  the  body,  on  the  forward-stroke;  and  the 
movement  of  the  feathers  show  a  pressure  at  the  tip  of  the  wing  far 
greater  than  was  suspected,  and  probably  accounts  for  the  airplane 
accidents  in  which  crashes  have  occurred  because  of  the  loss  of  an 
aileron. 

The  quality  of  the  negatives  has  now  reached  a  point  quite 
creditably  comparable  with  the  negatives  which  are  intermittently 
moved  at  but  a  tenth  to  a  twentieth  the  speed,  as  our  president, 
Mr.  Porter,  and  others  of  our  members,  if  I  recall,  have  had  occasion 
to  note  in  recent  exhibitions  in  my  office;  certainly  of  a  quality 
to  be  of  great  service  in  extreme  high  speed  studies. 

I  think  the  camera  is  destined  to  prove  an  instrument  of  great 
value  in  scientific  and  engineering  investigations,  and  are  now 
available  for  the  purpose,  although  the  camera  cannot  be  sold 
at  the  price  asked  for  the  excellent  camera  made  by  Bell  and  Howell. 
But  if  the  problem  can't  be  solved  at  the  slower  speed,  and  is  still 
worth  the  price  I  ask  for  the  camera,  then  the  higher  investment  is 
warranted. 
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DISCUSSION 

Mr.  Palmer:  In  observing  these  so-called  slow  motion  pictures 
on  the  screen,  I  think  the  people  who  make  those  pictures  have  to 
allow  a  great  deal,  because  they  are  approaching  the  limit  of  taking 
pictures  by  daylight  not  because  of  the  sensitivity  of  the  film  but 
because  you  can't  get  enough  light  on  the  subject  to  make  a  picture 
in  that  short  time.  If  you  will  notice  pictures,  you  will  find  many  of 
them  are  taken  against  white  background  so  that  you  are  looking 
more  or  less  at  a  silhouette  rather  than  at  a  picture  having  full 
detail. 

Mr.  Richardson:  It  doesn't  seem  to  me  that  the  light  getting 
through  in  1 /3200th  of  a  second  is  enough — it's  infinitesimal. 

Mr.  L.  A.  Jones:  I  might  point  out  that  the  minimum  time  in 
which  a  picture  can  be  taken  is  only  limited  by  the  brightness  of  the 
objects  being  photographed.  As  you  all  know,  exposure  is  a  function 
of  time  and  intensity  and  if  the  intensity,  that  is,  the  brightness  of 
the  object,  can  be  made  very  great,  the  picture  can  be  taken  in  a 
very  short  time.  Of  natural  objects,  probably  the  sun's  disk  repre- 
sents the  highest  brightness,  although  the  crater  of  the  high  intensity 
arc  very  nearly  approaches  this. 

In  photographing  things  having  brightnesses  of  this  order,  the 
time  undoubtedly  could  be  reduced  to  an  extremely  short  interval. 
In  the  case  of  non-luminous  objects,  the  rate  at  which  pictures  can 
be  taken  is  limited  only  by  their  reflecting  power  and  the  amount 
of  light  that  can  be  thrown  on  them. 

Dr.  Kellner:  As  I  understand  Mr.  Richardson,  he  wishes  to 
know  the  shortest  possible  exposure  that  can  be  used  under  the  best 
conditions  of  natural  lighting,  such,  for  instance,  as  an  object  illumi- 
nated by  bright  noon  sunlight. 

Mr.  Palmer:  I  should  like  to  point  out  that  the  illumination 
under  the  noon  day  sun  is  not  as  great  as  is  frequently  obtained  by 
artificial  illumination.  We  frequently  illuminated  objects  in  the 
studio  so  that  the  brightness  is  higher  than  under  noon  sunlight. 

Dr.'  Kellner:  It  seems  to  me  that  this  method  of  making 
pictures  at  such  high  frequencies  will  be  most  applicable  under 
natural  lighting  conditions. 

Mr.  Palmer:  I  should  like  to  point  out  that  we  frequently 
use  artificial  light  out-of-doors  to  supplement  the  natural  lighting. 

Mr.  Richardson:  It  seems  to  me  that  many  things  photo- 
graphed under  very  high  intensities  of  artificial  light  might  not  be 
entirely  natural.  For  instance,  a  pigeon  released  from  a  box  into  a 
blaze  of  artificial  light  would  probably  be  frightened  and  under  such 


conditions  its  wing  action  would  not  be  the  same  as  under  normal 
conditions.  If  such  pictures  as  these  are  to  be  of  value,  they  must 
be  made  under  natural  conditions. 

Mr.  Dick:  In  the  October  issue  of  Popular  Science,  there  is 
an  article  on  taking  motion  pictures  at  the  rate  of  5,000  a  second. 
There  is  an  illustration  showing  an  incandescent  bulb  hit  with  a 
hammer,  where  it  makes  a  dent  in  the  glass  before  the  glass  breaks. 
The  article  explains  the  action  in  detail. 

Mr.  Capstaff  :  This  recalls  to  my  mind  experiments  made  by 
the  Honorable  Charles  Parsons  in  1909  on  the  action  of  high  speed 
propellers  in  water.  He  did  all  the  work  in  artificial  light,  using  a 
spark  and  got  some  very  remarkable  photographs  indeed  at  that 
time.  I  don't  know  just  what  the  exposure  was,  but  it  must  have  been 
very  short  indeed. 
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RECENT  PROGRESS  IN  THE  TRANSMISSION  OF 
MOTION  PICTURES  BY  RADIO 

C.  Francis  Jenkins 

SINCE  the  presentation  at  the  Atlantic  City  Meeting  of  the 
methods    and    apparatus    employed   in   the    transmission    and 

reception  of  photographic  images  by  radio,  development  has 
progressed  quite  satisfactorily.  The  quality  of  the  reproduction 
has  been  raised,  while  the  time  required  for  the  transmission  of 
photographs  has  been  reduced  to  less  than  a  minute. 

This  higher  degree  in  the  quality  of  the  picture  has  come  from 
the  adoption  of  a  special  lamp,  made  available  through  the  belief 
in  our  ultimate  success  by  the  president  of  our  Society,  Mr.  L.  C. 
Porter,  for  he  had  the  lamps  made  for  us  by  the  General  Electric 
Company,  Harrison  Lamp  Works,  and  I  feel  that  he  believes  his 
confidence  has  been  justified. 

A  hundred  lines  per  inch  has  been  found  quite  sufficient  for  all 
classes  of  pictures;  and  fifty  lines  per  inch  adequate  for  most.  By 
judicious  selection  of  the  lamp  and  its  careful  location,  and  the 
adjustment  of  other  associate  parts  of  the  radio  camera,  a  very 
satisfactory  50-line  portrait  can  be  obtained  in  less  than  half  the 
time  required  by  the  100-line  setting. 


Fig.  1. 


Fig.  2. 
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Fig.  3.     Hollowhorn  Bear,  Radio 
Photo. 


Fig.  4.     Warren  G.  Harding,  Radio 
Photo.     Time  3  minutes,  dis- 
tance 135  miles. 


Radio  Photo  Messages 

The  speed  of  message  transmission  by  this  same  radio-photo 
process  is  about  ten  seconds  per  message.  When  a  special  lamp, 
now  being  developed,  is  available,  it  is  believed  a  complete  100-word 
message  can  be  sent  every  second.  The  messages  will  be  put  on  a 
long,  rather  wide  band,  in  a  series  of  25  messages  to  each  band, 
and  this  moved  through  the  sending  machine,  in  such  fashion  that 
one  complete  message  is  sent  every  second.  A  photo-paper  band 
at  the  receiving  end  will  be  provided,  and  synchronously  moved 
one  step  every  second.  Upon  this  band  the  25-group  of  messages 
will  be  photographed. 
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Fig.  7.     Shorthand  message  by  Radio.         Fig.  8.     A  Chinese  message  trans- 
mitted by  radio  in  native 
characters. 

Japanese  Characters  by  Radio 
In  this  connection  it  might  be  mentioned  that,  for  the  first 
time  in  history,  Chinese  and  Japanese  messages  in  native  characters 
can  be  transmitted  by  radio.  Military  officers  stationed  at  the 
Japanese  Embassy  in  Washington  express  their  belief  in  the  great 
value  of  this  method  for  official  communication  by  their  government. 

Radio  Vision 

Speeding  up  the  apparatus  to  16  pictures  per  second  has  given 
us  radio  vision,  as  a  laboratory  demonstration,  although  the  few 
lines  per  inch  so  far  attempted  give  us  but  a  crude  picture,  a  picture 
which  is  unmistakable,  however. 

JThe  present  method  of  getting  the  necessary  speed  is  by  mount- 
ing ajseries  of  lenses  on  the  back  of  a  prismatic  ring. 

To  attain  the  necessary  speed  in  simpler  mechanism  we  are 
making  the  prismatic  ring  in  four  sections  to  be  used  without  the 
multiple  lenses.  This  gives  us  twice  as  many  lines  per  inch  as  when 
a  double  prism  ring  is  used,  and  four  times  as  many  lines  as  with  a 
single  prism  ring.  I  think  still  more  prisms  to  each  ring  can  be 
made,  but  this  has  not  yet  been  undertaken. 

Radio  Movies 

To  get  movies  by  radio  the  demonstration  consists  in  projecting 
a  picture,  with  a  motion  picture  projector,  onto  a  ground  glass  screen 
located  in  the  focus  of  the  radio  photo  transmitter. 

The  necessary  number  of  lines  per  second  for  satisfactory 
radio  vision  and  radio  movies  can  doubtless  be  attained.  The 
required  modulation  of  the  light  is  believed  feasible  with  the  special 
lamp  Professor  D.  McFarlan  Moore,  of  the  Harrison  Lamp  Works, 
is  developing  for  us.    Modulation  from  light  to  dark  of  the  order  of 
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160,000  per  second  is  required  for  100-lines  per  inch  picture,  and  this 
is  believed  possible;  and  that  the  light  can  be  made  of  sufficient 
intensity  for  home  movies  by  radio.  Refinement  will  give  us  quality 
just  as  it  has  in  radio  photography,  and  I  think  it  is  only  a  few  months 
off. 

Synchronizing  Means 

Synchronism  for  Radio  Vision  and  Radio  Movies  is  extremely 
simple,  as  simple  as  framing  in  ordinary  motion  picture  projection. 


Fig.  9.     Complete  sending  station.      (1)    Magic  lantern  for  illuminating    the 

picture  to  be  sent.     (2)  Rotating  Prismatic  plates.     (3)  Light  chopper. 

(4)  Light  sensitive  cell.     (5)   Motor  controlling  tuning  fork. 


Fig.  10.     Complete  receiving  station.     (1)  The  radio  camera.     (2)  Photographic 

plate  holder.     (3)  Tuning  fork  for  holding  motor  in  synchronism  with 

the  sending  station.     (4)  Lamp  for  determining  synchronism. 
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Synchronism  for  Radio  Photos  is  a  little  more  complex,  but 
is  automatic,  and  has  been  worked  out  in  such  fashion  that  it  is 
dependable.  A  tuning  fork  of  60  beats  per  second  is  employed  to 
control  the  speed  of  the  motors.  The  motor  at  the  station  that  is 
transmitting  holds  all  receiving  station  forks  automatically  in 
phase  with  the  sending  station  fork.  And  this  synchronism  can  be 
definitely  ascertained  by  glancing  at  what  appears  to  be  a  hand 
on  a  dial,  although  it  is  in  reality  a  swiftly  rotating  member  illumi- 
nated by  a  light  rapidly  turned  on  and  off  by  radio  signals  sent  out  from 
the  station  which  is  transmitting  at  the  time.  With  this  apparatus 
we  can  automatically  keep  motors  in  synchronism  which  are  sepa- 
rated hundreds,  even  thousands  of  miles. 

Perhaps  I  might  add  that  we  are  about  ready  to  put  into  actual 
useful  service  four  machines,  in  four  stations,  each  machine  being 
both  a  sending  and  receiving  instrument.  Pictures  and  messages 
can  thus  be  sent  both  ways  at  the  same  time;  and  either  by  (1) 
radio,  by  (2)  directed  radio,  or  by  (3)  wire. 

Light-Failure  Warning 

It  may  be  of  passing  interest  to  note  that  as  a  sort  of  by-product 
of  our  work,  apparatus  has  been  developed  which  will  give  warning 
at  headquarters  when  a  distant  lamp  or  lamps  go  out  or  otherwise 
fail  for  any  reason,  and  identify  the  lamp.  The  cost  of  the  apparatus 
is  very  low  indeed. 

These  warning  devices  are  useful  in  railroad  signal  lamps; 
mail  plane  night-flying  routes;  and  in  marine  lighthouse  installations, 
some  of  which  are  in  isolated  locations  visited  but  once  a  year  perhaps. 
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Fig.  11.     Prismatic  Ring  Disc,  the  New  Optical  Shape  in  Glass. 
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THERMAL  CHARACTERISTICS  OF  MOTION  PICTURE  FILM 

By  Loyd  A.  Jones  and  Earle  E.  Richardson 

Communication  No.  196  from  the  Research  Laboratory  of  the 
Eastman  Kodak  Company 

I.  Introduction. 
II.  Methods  and  Apparatus. 

1.  Liquid  Calorimeter. 

2.  Air  Calorimeter. 

III.  Determination  of  Water  Equivalent  of  the  Air  Calorimeter. 

IV.  Determination  of  Specific  Heat. 

1.  Cellulose  Nitrate  for  Various  Optical  Densities. 

2.  Cellulose  Acetate,  Clear  Film. 

V.  Heat  Absorbed  by  Film  in  a  Motion  Picture  Projector  (Simplex 
Type). 

1.  Effect  of  Change  of  Speed  of  Projection. 

2.  Effect  of  Change  of  Current  Through  Arc. 

3.  Effect  of  Various  Optical  Densities. 
VI.  Summary. 

IT  IS  well  known  that  excessive  heating  has  a  detrimental  effect  on 
the  useful  life  of  motion  picture  film.  This  injurious  effect  results 
from  physical  and  chemical  changes  in  the  material  induced  and 
accelerated  by  higher  temperatures.  Thus,  if  the  film  be  subjected 
to  relatively  high  temperatures,  the  decomposition  reactions,  which 
at  normal  temperature  proceed  at  a  very  slow  rate,  are  greatly  acceler- 
ated and  evaporation  of  the  more  volatile  constituents  proceeds  at  a 
much  greater  rate  than  at  lower  temperatures.  The  exposure  of  the 
film  to  abnormally  high  temperatures  therefore  results  in  excessive 
shrinkage  and  marked  increase  in  the  brittleness  of  the  material 
accompanied  by  a  decrease  in  its  tensile  strength.  It  is  obvious  that 
these  changes  are  detrimental  to  the  f\l,m  and  must  shorten  its  useful 
life  for  projection  purposes.  If  proper  conditions  for  storing,  trans- 
porting, and  handling  the  negatives  and  positives  are  adopted,  the 
only  time  at  which  the  film  is  subjected  to  abnormal  temperatures  is 
during  projection. 

When  the  enormous  degree  of  enlargement  necessary  in  the  pro- 
jection of  motion  pictures  is  considered,  it  is  evident  that  a  very  high 
energy  flux  density  must  exist  at  the  gate  of  the  projector  in  order  to 
obtain  the  required  brightness  in  the  picture  projected  on  the  screen. 
The  image  on  a  motion  picture  film  consists  of  black  deposits  composed 
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of  finely  divided  metallic  silver  imbedded  in  a  matrix  of  gelatine. 
These  deposits  absorb  varying  amounts  of  the  incident  light  depend- 
ing upon  the  mass  of  silver  present  per  unit  area.  In  those  parts 
of  the  film  representing  the  shadows  and  darker  half  tones  of  a  picture, 
a  very  large  proportion  of  the  incident  radiation  is  absorbed.  Follow- 
ing this  absorption  of  energy,  a  rise  in  the  temperature  of  the  film  must 
necessarily  occur.  Although  the  absorption  of  energy  from  the  light 
incident  upon  the  film  during  projection  is  responsible  for  by  far  the 
greater  part  of  the  temperature  rise,  there  are  minor  contributing 
factors.  Some  heat  is  absorbed  due  to  the  film  being  in  contact  during 
projection  with  heated  parts  of  the  mechanism  and  undoubtedly 
some  heat  is  generated  by  the  friction  arising  from  the  pressure  plates 
which  hold  the  film  in  the  focal  plane  during  projection. 

It  is  evident  that  the  total  amount  of  heat  absorbed  and  the 
resultant  temperature  of  the  film  as  it  leaves  the  projector  will 
depend  upon  many  factors.  First  of  all,  the  temperature  rise  will 
depend  upon  the  heat  absorbing,  transmitting,  and  reflecting  charac- 
teristics of  the  film  itself  and  it  is  to  be  expected  that  film  having 
relatively  high  average  optical  density  (since  it  absorbs  more  of  the 
incident  radiation  than  one  in  which  less  silver  is  present)  will  leave 
the  machine  at  a  higher  temperature  than  film  having  a  low  average 
optical  density.  The  amount  of  heat  absorbed  will  depend  upon  the 
energy  flux-density  incident  upon  the  film  and  this  is  dependent  upon 
such  factors  as  the  nature  of  the  light  source  used,  the  size  or  wattage 
of  the  light  source,  the  type  of  condenser  system  employed  to 
concentrate  the  radiation  on  the  gate  of  the  projector,  the  mechanical 
details  of  construction,  and  the  perfection  with  which  the  optical 
and  mechanical  adjustments  are  maintained.  The  amount  of  heat 
absorbed  due  to  the  contact  of  the  film  with  heated  parts  of  the 
machine  will  naturally  depend  upon  the  temperature  of  those  parts 
and  the  length  of  time  with  which  the  film  is  in  contact  therewith. 

A  search  through  the  literature  reveals  very  little  reliable  informa- 
tion as  to  the  amount  of  energy  absorbed  during  projection  or  to 
the  temperature  of  the  film  as  it  leaves  the  gate  of  the  projector. 
Some  more  or  less  qualitative  measurements  have  been  made,  but 
no  data  which  appear  entirely  reliable  have  been  found.  Since  the 
temperatures  to  which  a  film  is  subjected  have  such  a  profound 
influence  upon  its  durability  and  upon  the  satisfactoriness  with 
which  it  can  be  projected,  it  seems  worth  while  to  make  a  rather 
careful  study  of  this  subject. 

In  the  work  reported  in  this  paper,  the  influence  of  certain  of 
the  factors  mentioned  above  on  the  magnitude  of  the  heating  effect 
has  been  studied.  Thus,  the  dependence  of  film  temperature  upon 
the  mean  density  of  the  film,  the  speed  of  projection,  and  arc  current 
has  been  determined.  No  attempt,  however,  has  been  made  to 
separate  the  total  heating  effect  occurring  under  any  given  condition 
of  projection  into  the  various  contributing  factors  such  as  that  due  to 
absorption  of  radiant  energy,  absorption  by  contact  with  heated 
parts,  and  generation  of  heat  by  friction. 
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In  the  course  of  the  experimental  work,  many  difficulties  were 
met  and  in  the  following  pages  a  brief  discussion  is  given  of  some  of 
the  methods  which  proved  unsuitable.  It  is  thought  worth  while  to 
mention  some  of  these  failures  so  that  others  wishing  to  make  similar 
measurements  may  avoid  these  errors. 

Methods  and  Apparatus 

The  amount  of  heat  absorbed  and  the  temperature  to  which  the 
absorbing  body  rises  as  a  result  of  such  absorption  depends  both 
upon  the  energy  flux-density  incident  upon  the  material  and  upon  the 
reflecting,  absorbing,  and  transmitting  characteristics  of  the  material 
itself.  Unless  these  characteristics  of  the  material  are  known  with 
the  precision  required  by  the  problem,  the  only  method  of  finding 
the  temperature  to  which  a  material  will  rise  when  subjected  to  a 
given  energy  flux-density  is  actually  to  measure  the  rise  in  temperature 
of  that  particular  material  under  the  specified  conditions.  The  inser- 
tion of  a  thermometer,  thermocouple,  thermopile,  or  similar  energy 
measuring  device  in  the  gate  of  the  projector  is,  therefore,  of  little 
use  in  obtaining  the  desired  information.  These  appliances,  when 
properly  calibrated,  may  be  used  to  measure  the  energy  flux-density 
at  any  given  point  in  space,  but  unless  the  absorbing  characteristics 
of  the  material  are  known,  these  values  are  quite  useless  for  the  deter- 
mination of  the  amount  of  heat  absorbed  and  the  resultant  tem- 
perature of  any  other  material  subjected  to  the  action  of  this  measured 
energy.  In  our  preliminary  consideration  of  methods,  therefore, 
those  involving  the  insertion  of  a  temperature  or  energy  measuring 
device  in  the  gate  of  the  machine  were  rejected  as  useless. 

It  was  suggested  that  if  the  film  be  passed  over  a  roller  made 
of  material  having  high  conductivity  and  therefore  capable  of  rapidly 
absorbing  heat  from  any  body  of  higher  temperature  with  which 
it  is  brought  in  contact,  this  roller  would  in  a  short  time  assume  the 
same  temperature  as  that  of  the  film  itself.  By  properly  insulating 
this  roller,  and  by  measuring  its  temperature  with  a  thermometer  or 
thermopile  inserted  along  the  axis  of  the  roller,  good  thermal  contact 
being  made  by  filling  the  interior  of  the  roller  around  the  thermometer 
bulb  with  mercury,  a  satisfactory  measurement  of  the  temperature  of 
the  film  could  be  obtained.  This  was  carefully  considered  but  finally 
rejected  as  involving  too  many  uncertainties.  When  the  very  low 
thermal  conductivity  of  the  film,  its  low  specific  heat,  and  the 
relatively  small  amount  of  heat  carried  in  the  film  are  considered,  it 
is  doubtful  whether  this  method  would  give  results  of  high  precision. 
A  very  careful  survey  of  all  possible  methods  led  finally  to  the 
conclusion  that  a  calorimetric  method  would  on  the  whole  be  most 
satisfactory.  The  work  was  therefore  started  along  this  line,  and, 
although  considerable  experimental  work  was  necessitated,  the 
final  result  obtained  is  thought  entirely  satisfactory. 

The  film  itself,  after  being  passed  through  the  projection  machine, 
is  introduced  directly  into  the  calorimetric  system  and  a  direct 
measurement  of  the  quantity  of  heat  carried  to  the  system  by  the  film 
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is  made.  If  the  specific  heat  and  mass  of  the  film  introduced  into 
the  calorimeter  be  known,  it  is  a  simple  matter  to  compute  the  tem- 
perature of  the  film  at  the  time  of  the  introduction  into  the  system. 
The  design  of  a  calorimeter  for  any  particular  purpose  depends 
very  much  upon  the  existing  conditions  and  for  the  measurement  of 
the  heat  absorbed  by  motion  picture  film  during  projection  the  follow- 
ing characteristics  are  essential: 

a.  The  water  equivalent  of  the  calorimeter  should  be  as  small 
as  possible. 

b.  Heat  introduced  by  the  film  should  be  absorbed  by  the 
calorimetric  system  at  the  maximum  possible  rate. 

c.  The  rate  of  heat  transference  from  the  calorimetric  system 
to  the  surroundings  should  be  made  as  low  as  possible. 

d.  Simplicity  of  construction  and  also  of  operation  are  obviously 
desirable. 

The  term  "water  equivalent"  indicates  the  amount  of  heat, 
expressed  as  gram-calories,  required  to  change  the  temperature  of 
the  calorimeter  one  degree  centigrade.  A  "gram-calorie"  is  defined 
as  the  amount  of  heat  required  to  raise  one  gram  of  water  one  degree 
centigrade. 

The  change  in  temperature  of  the  calorimetric  system  occurring 
when  the  film  is  introduced  into  it,  must  be  sufficiently  great  to 
permit  of  precise  measurement.  If  the  same  quantity  of  heat  be 
introduced  into  several  calorimeters,  that  one  which  has  the  smallest 
water  equivalent  will  show  the  greatest  temperature  change  when 
compared  under  identical  conditions.  As  the  specific  heat  of  the 
film  base  is  relatively  low  compared  to  water,  a  fairly  large  mass 
will  carry  into  the  calorimeter  a  relatively  small  amount  of  heat.  It 
is  necessary,  therefore,  in  a  calorimeter  for  this  purpose  to  adopt  a 
design  which  will  result  in  a  minimum  possible  water  equivalent. 

In  the  transfer  of  heat  from  one  body  to  another,  the  rate  at 
which  the  transfer  takes  place  is  not  constant,  but  is  proportional 
to  the  temperature  difference  existing  between  the  two  bodies.  If 
we  consider  a  calorimeter  in  a  condition  of  equilibrium  as  regards 
temperature  with  its  surroundings,  the  introduction  of  material  at  a 
different  temperature  produces  a  dynamic  condition  and  a  transfer 
of  heat  from  one  to  the  other  immediately  takes  place.  As  soon  as 
the  temperature  of  the  calorimeter  starts  to  increase,  a  transfer  of 
heat  at  once  begins  between  the  calorimeter  and  its  surroundings. 
In  order  that  the  temperature  change  produced  in  the  calorimeter 
shall  be  precisely  indicative  of  the  amount  of  heat  introduced,  the 
absorption  of  the  heat  by  the  calorimetric  system  should  be  as  rapid 
as  possible  and  the  loss  of  heat  from  the  calorimeter  to  its  surroundings 
as   slow   as   possible. 

Liquid    Calorimeter 

Keeping  these  desirable  features  in  mind,  a  liquid  calorimeter 
was  constructed.  This  consisted  of  a  water  jacketed  aluminum  cham- 
ber of  sufficient  size  to  accommodate  a  500  foot  roll  of  film.     The 

89 


width  of  the  interior  was  sufficient  to  allow  a  small  reel  to  be  inserted 
with  just  suffici  nt  clearance  to  prevent  the  generation  of  heat  by 
friction  between  the  walls  of  the  cavity  and  the  reel  when  this  was 
rotated  to  wind  the  film..  The  space  between  the  inner  and  outer 
walls  was  liquid  tight.  The  entire  instrument  was  enclosed  in  a 
wooden  box  and  packed  with  wool  fibre  to  prevent  loss  of  heat  from 
the  calorimeter  to  the  surrounding  air.  The  water  equivalent  of  this 
instrument  was  approximately  2500  gram-calories.  The  liquid 
which  filled  the  space  between  the  inner  and  outer  walls  was  circulated 
by  a  small  pump  that  operated  on  the  principle  of  the  ar chimed  es 
screw.  The  film,  upon  leaving  the  projecting  machine,  was  introduced 
into  the  calorimeter  and  wound  on  a  reel.  The  path  of  the  film  on 
entering  the  calorimeter  was  between  two  very  thin  silver  plates, 
both  of  which  were  in  contact  with  the  jacketing  liquid.  Although 
the  film  did  not  come  into  actual  contact  with  these  surfaces,  the 
clearance  was  but  a  few  thousandths  of  an  inch.  It  was  thought 
that  this  condition  would  result  in  a  temperature  equilibrium  between 
the  film  and  the  calorimeter.  The  reel  inside  upon  which  the  film  was 
wound  was  driven  by  a  motor  externally  situated.  A  thermometer 
was  inserted  in  the  circulating  liquid  between  the  outer  and  inner 
walls  for  measuring  the  change  in  temperature  of  the  system.  When 
this  calorimeter  was  tried  out,  the  results  obtained  were  not  entirely 
satisfactory.    Precisely  repeatable  results  could  not  be  obtained. 

An  analysis  of  the  results  finally  led  to  the  conclusion  that  the 
heat  carried  in  by  the  film  was  not  entirely  absorbed  by  the  calorimet- 
ric  system  in  a  sufficiently  short  time  to  yield  reliable  measurements. 
Complete  temperature  equilibrium  between  the  calorimeter  and  the 
warm  film  from  the  projector  was  not  reached  before  the  film  was 
wound  into  a  solid  roll.  After  the  film  was  wound  into  a  roll,  the 
transference  of  the  heat  by  conduction  through  the  film  itself  and 
by  conduction  and  convection  through  the  air  in  the  inner  chamber 
to  the  walls  of  the  calorimeter  was  so  slow  that  the  loss  of  heat  from 
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Fig.  1.     Cooling  curve  for  tightly  rolled  film 
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the  calorimeter  to  the  surroundings  prevented  the  measurement  of 
the  proper  temperature  difference  of  the  system. 

In  the  design  of  the  liquid  calorimeter,  the  extreme  difficulty  of 
bringing  a  sample  of  film,  especially  when  wound  into  a  compact  roll, 
into  equilibrium  with  its  surroundings  in  a  relatively  short  time  was 
underestimated.  To  this  error  in  judgment  may  be  attributed 
the  failure  of  this  instrument  to  produce  reliable  results.  The  very 
low  rate  at  which  equilibrium  is  approached  may  be  illustrated  by 
reference  to  Figure  1.  A  roll  of  positive  film  on  which  was  printed  a 
picture  considered  to  have  an  average  optical  density  was  placed 
in  an  electrically  heated  oven.  The  temperature  of  the  oven  was 
maintained  constant  for  three  days.  At  the  end  of  this  period,  the 
film  was  removed  from  the  oven,  placed  in  a  film  can  without  a  cover, 
and  the  can  placed  on  a  wooden  table.  Two  thermometers  were 
inserted  between  the  centers  of  the  roll  and  the  outer  edge  of  the  film. 
The  temperature  as  indicated  by  these  thermometers  was  observed 
and  recorded  at  periodic  intervals.  The  data,  which  were  obtained 
by  taking  an  average  of  the  two  thermometer  readings  at  various 
time  intervals,  are  shown  graphically  in  Figure  1 .  Curve  1  represents 
the  temperature  of  the  film  and  Curve  2  the  room  temperature.  It 
will  be  noted  that  at  the  end  of  two  hours  the  temperature  of  the 
film,  as  indicated  by  the  thermometers,  had  dropped  to  24.8°C,  which 
is  still  4.8°  above  the  room  temperature.  This  illustrates  the  very 
slow  rate  at  which  the  heat  is  transferred  from  the  roll  of  film  to 
the  surrounding  air.  From  the  experience  gained  with  the  liquid 
calorimeter  and  a  further  consideration  of  the  difficulties  of  the 
problem,  it  was  decided  to  construct  an  air  calorimeter  employing 
somewhat  different  principles. 

The  Air  Calorimeter 

Marked  improvement  over  the  liquid  calorimeter  was  obtained 
in  two  respects.  By  increasing  the  surface  of  the  film  exposed  to  the 
air  within  the  calorimeter,  a  much  greater  rate  of  heat  transference 
was  obtained.  By  obtaining  rapid  circulation  of  the  air  over  the  film 
surface,  thereby  augmenting  the  rate  at  which  relatively  cold  air 
comes  into  contact  with  the  warm  film,  the  rate  of  heat  transference 
is  also  increased.  The  calorimeter  chamber  was  of  sufficient  size  to 
hold  500  feet  of  loosely  packed  film.  The  construction  and  material 
used  was  such  as  to  result  in  a  water  equivalent  of  less  than  1000  gram 
calories. 

A  cross  section  (side  elevation)  of  the  air  calorimeter  and  a 
plan  view,  with  the  top  removed,  are  shown  respectively  in  Figures 
2  and  3.  In  these  diagrams  A  represents  motor,  B,  the  motor 
shaft  which  is  surrounded  by  C,  a  hollow  brass  tube.  D  represents 
a  heat  insulating  material  which  connects  the  motor  shaft  to  the  fan 
shaft,  E,  a  hollow  copper  tube  through  which  oil  reaches  the  bearings 
of  C  and  D.  F0  represents  a  fan  or  blower  which  draws  air  from  the 
inner  chamber  (the  walls  of  which  are  represented  by  J)  through  pipe 
Hi  and  forces  it  through  pipe  H2  back  to  the  inner  chamber.    S  repre- 
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Fig.  2.     Cross  section  through  air  calorimeter 
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Fig.  3.     Plan  view  of  air  calorimeter 


sents  the  sprocket  which  is  driven  by  a  motor  not  shown  in  either 
diagram,  and  which  draws  the  film  in  at  Li,  and  forces  it  through  a 
narrow  slot  (about  three  times  the  thickness  of  the  film)  which  is 
surrounded  by  heat  insulating  fibre  K  into  the  air  chamber  at  L2. 
G  represents  a  wire  grating  near  the  bottom  of  the  chamber  on  which 
the  film  falls  and  which  prevents  the  film  from  packing  on  the 
bottom  and  closing  the  entranc  to  Hi.  T  represents  a  thermometer 
which  indicates  the  temperature  of  the  air  as  it  is  returning  to  the 
chamber  and  which  is  graduated  to  0.02°  and  easily  can  be  read  to 
0.01°.  N  is  a  circular  wooden  and  M  a  metallic  cover  to  the  opening- 
through  which  the  film  is  taken  out  of  the  calorimeter.  The  walls 
J  are  insulated  from  W.  a  wooden  box;  by  a  thick  layer  of  wool  fibre 


which  has  a  very  low  thermal  conductivity.  The  walls  of  J  were  made 
from  sheet  aluminium  which  was  highly  polished  on  both  surfaces. 
The  pipes  Hi  and  H2  are  of  copper.  The  water  equivalent  of  the  inner 
chamber  including  the  copper  tubes  and  fan  was  estimated  to  be  less 
than  1000  grain  calories. 

A  study  of  the  characteristics  of  the  air  calorimeter  was  under- 
taken to  ascertain  if  heat  was  added  to  it  by  the  fan  used  for  circulat- 
ing the  air  inside  of  the  calorimeter.  Several  experiments  were 
performed  with  the  fan  motor  operating  at  a  constant  speed.  In 
every  case  there  was  a  relatively  slow  rise  in  the  temperature  of  the 
air  in  the  calorimeter.  The  change  in  the  temperature  of  the  calori- 
meter under  the  above  conditions  is  caused  by  three  factors: 

1.  The  flow  of  heat  from  the  motor  down  the  shaft  to  the  fan. 

2.  The  heat  that  is  generated  by  friction  in  the  shaft  bearings 

which  also  reaches  the  fan  by  thermal  conductivity. 

3.  The  fan  load,  or  the  work  accomplished  by  the  fan  in  circu- 

lating the  air. 
Several  different  methods  were  proposed  in  order  to  measure  the 
rate  at  which  heat  was  added  by  the  fan,  but  upon  examination  they 
were  found  wanting.  In  view  of  the  situation  that  the  important 
factor  in  determining  the  magnitude  of  any  amount  of  heat  added  to 
any  calorimeter  is  to  measure  the  maximum  difference  in  temperature 
produced  by  this  heat,  it  was  decided  to  use  a  graphic  method  which 
would  be  accurate  in  measuring  the  change  in  temperature  of  the 
calorimeter  under  all  conditions.  Several  rough  determinations  of 
the  water  equivalent  of  this  calorimeter,  that  is,  the  amount  of 
heat  required  to  raise  its  temperature  one  degree  centigrade,  gave 
values  between  850  and  1150  gram  calories. 
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Fig.  4.     Calorimetric  characteristic  curves 
Determination  of  water  equivalent 


Determination  of  the  Water  Equivalent 

The  procedure  adopted  to  determine  the  water  equivalent  will 
now  be  described.  After  the  fan  motor  had  been  running  for  half 
an  hour,  the  temperature  of  the  calorimeter  was  observed  and  re- 
corded at  five  minute  intervals  for  thirty  minutes.  A  switch  which 
connected  an  electrical  heating  coil  that  had  been  inserted  in  the  air 
chamber  was  closed  for  an  accurately  determined  interval.  The 
potential  applied  to  the  coil  terminals  and  the  current  flowing  were 
carefully  measured  and  from  these  values  the  heat  added  to  the 
system  was  computed.  During  this  period,  the  temperature  of  the 
calorimeter  was  observed  every  minute.  At  the  end  of  this  period, 
the  switch  was  opened.  Then  the  temperature  was  observed  every 
thirty  seconds  for  five  minutes,  then  every  minute  for  five  minutes, 
and  at  last  every  five  minutes  for  half  an  hour.  Seven  successive 
determinations  were  made.  The  data  recorded  during  one  of  these 
determinations  (trial  No.  7,  Table  2)  are  shown  in  Table  1  and  are 


Table  Nc 

».  1 

Detailed  data  on  water  equivalent  of  air  calorimeter. 

Trial  No.  7 

Room  temperature: 

24.5°C. 

Heat  added  by  coil: 

Current: 

0.200  amperes 

Potential : 

102  volts 

Time: 

8  minutes 

Calories : 

2340 

Calorimeter  temperature 

rise  (corrected): 

2.43°C 

Time 

Relative  Time  in 

minutes 

Temperature  of  ( 

10.50 

0 

26.22 

.55 

5 

.33 

.60 

10 

.42 

11.05 

15 

.50 

.10 

20 

.57 

.15 

25 

.64 

.16 

26 

26.68 

.17 

27 

27.10 

.18 

28 

.40 

.19 

29 

27.70 

.20 

30 

28.00 

.21 

31 

.32 

.22 

32 

.62 

.23 

33 
33.5 

.92 

.97 

.24 

34.0 
34.5 

29.01 
.02 

.25 

35 
35.5 

.03 
.02 

.26 

36 

.01 

.28 

38 

28.96 

.30 

40 

.88 

.35 

45 

.72 

.40 

50 

.60 

.45 

55 

.55 

.50 

60 

.50 

.55 

65 

.46 

.60 

70 

.43 

12.05 

75 

.42 
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plotted  in  Figure  4,  in  which  Curve  1  represents  the  time  temperature 
characteristics  of  the  calorimeter  which  is  caused  by  the  heat  added 
by  the  fan;  Curve  2,  the  heat  added  by  the  coil;  and  Curve  3,  the 
heat  transferred  from  the  air  chamber  through  the  insulating  material 
to  the  surroundings.  The  two  values  required  to  determine  the 
water  equivalent  are  the  exact  quantity  of  heat,  expressed  in  calories, 
which  is  added  by  the  coil  and  the  corresponding  change  in  tempera- 
ture of  the  calorimeter  which  was  caused  only  by  that  amount  of 
heat.  The  first  of  these  is  obtained  by  measuring  the  energy  con- 
sumption of  the  coil.  The  second  is  determined  by  the  extrapolation 
of  Curves  1,  2,  and  3  of  Figure  4.  The  point  of  intersection  of  Curves 
2  and  3  at  X  indicates  the  corrected  maximum  temperature  of  the 
calorimeter  caused  by  heat  from  the  fan  and  coil  if  no  heat  had 
been  lost  by  radiation.  The  point  of  intersection  of  the  ordinate 
through  X  with  Curve  1  extended  at  Y  determines  the  temperature 
the  calorimeter  would  have  reached  at  the  time  it  attained  the 
temperature  represented  by  X  if  the  fan  had  been  its  only  supply  of 
heat.  The  magnitude  of  the  change  in  temperature  of  the  calor- 
imeter due  to  the  known  amount  of  heat  added  by  the  heating  coil 
is  given  by  the  difference  between  the  temperatures  represented 
by  X  and  Y. 

Table  No.  2 

Summary  of  data  on  water  equivalent  of  calorimeter. 

Trial       Amperes         Volts         Seconds       Calories     Difference  in  Water 

temperature  equivalent 

1  0.200            102              600              2945            3.08°  956.2 

2  0.200             104               600               2983             3.10  962.3 

3  0.200            104              300              1491             1.55  961.9 

4  0.200            104              600              2983            3.09  965.4 

5  0.200            104              900              4474            4.66  960.1 

6  0.150              76              600              1635             1.70  961.8 

7  0.200             102               480               2340             2.43  959.0 


Mean  961.0 

Percentage  of  average  deviation  from  mean :  0 .  23  % 

Percentage  of  maximum  deviation  from  mean:  0.51% 

In  Table  2  is  given  a  summary  of  the  data  recorded  in  the  seven 
determinations.  An  analysis  of  the  errors  that  occurred  in  the 
various  measurements  which  were  taken  to  determine  the  water 
equivalent  will  show  the  accuracy  with  which  the  calorimeter  was 
standardized.  The  current  of  0.200  amperes  was  measured  to 
+  .001.  The  potential  difference  across  the  coil  of  100  volts  was 
measured  to  ±1  volt,  the  time  600  seconds  to  ±3  seconds  the 
difference  in  temperature  of  3.00  degrees  to  ±0.03  and  the  conver- 
sion factor  to  change  watts  to  calories  is  known  to  1  part  in  200. 
These  were  the  actual  conditions  under  which  most  of  the  observa- 
tions were  recorded.  From  the  above,  it  can  be  shown1  that  the 
percentage  deviation  of  a  single  determination  would  be   +1.65%, 

1  H.  M.  Goodwin.     Precision  of  Measurements  and  Graphical  Measure- 
ments (McGraw  Hill). 
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and  in  the  case  of  seven  determinations  the  percentage  deviation  of 
the  mean  ±0.62%.  Although  the  percentage  of  the  average  devia- 
tion from  the  mean  as  shown  in  Table  2  is  less  than  0.62%,  this 
value  was  accepted  as  the  percentage  deviation  of  the  mean  in  the 
water  equivalent.  The  accepted  value  of  the  water  equivalent  was 
taken  as  961  (±6)  gram-calories. 

Specific  Heat  Determination 

The  water  equivalent  of  the  calorimeter  having  been  determined, 
it  is  now  possible  to  measure  the  quantity  of  heat  carried  into  the 
system  by  any  material  introduced  into  the  calorimeter  at  a  temper- 
ature higher  than  the  calorimetric  system.  If  the  mass  of  the  material 
and  its  specific  heat  be  known,  it  is  possible  to  compute  the  tempera- 
ture to  which  this  material  was  introduced.  It  should  be  remembered 
that  our  aim  has  been  to  determine  the  temperature  at  which  the 
film  leaves  the  projector.  It  is  obvious,  therefore,  that  the  specific 
heat  of  the  film  must  be  known  before  we  can  by  this  calorimetric 
method  obtain  the  desired  results.  It  is  possible  to  determine  the 
mass  of  film  introduced  and  by  means  of  the  calorimeter  to  measure 
the  total  heat  carried  into  the  system  by  a  given  mass  of  film.  But 
it  is  impossible  from  these  data  to  compute  the  temperature  of  the 
film  introduced  unless  its  specific  heat  be  known.  The  next  step  in 
the  work  was  therefore  a  precise  determination  of  the  specific  heat  of 
motion  picture  film.  Since  motion  picture  positives  vary  enormously 
in  average  density  and  hence  in  the  amount  of  metallic  silver  present, 
the  specific  heat  of  any  particular  motion  picture  positive  will 
depend  to  a  certain  extent  upon  its  average  density.  Computations 
based  upon  the  specific  heat  of  silver  and  the  mass  of  silver  required 
to  give  a  specified  optical  density  indicated  that  this  variation  in 
specific  heat  of  positives  of  different  average  density  would  be  rela- 
tively small.  It  was  thought  worth  while,  however,  to  measure  the 
magnitude  of  this  factor  directly.  Motion  picture  film  is  made  by 
coating  the  positive  emulsion  upon  a  transparent  support.  Two 
different  types  of  support  are  used  for  this  purpose,  these  being 
designated  for  convenience  as  cellulose  nitrate  and  cellulose  acetate. 
Since  these  supports  are  of  different  composition,  it  is  to  be  expected 
that  the  specific  heat  will  be  somewhat  different  in  the  two  cases. 
It  was  therefore  deemed  advisable  to  make  specific  heat  measurements 
on  each  type  of  motion  picture  film. 

A  photograph  of  the  calorimeter  set  up  to  measure  the  specific 
heat  of  film  is  shown  in  Fig.  5.  The  two  snap  switches  situated 
on  the  front  side  of  the  calorimeter  control  the  fan  motor  and  the 
film  intake  sprocket  motor  which  rests  upon  the  left  top  corner. 
The  wooden  box  that  rests  on  the  farther  right  corner  and  in  which 
is  a  roll  of  film  served  as  a  thermal  insulator.  The  film  was  placed 
in  this  box  and  both  were  put  in  an  electrically  heated  oven  the 
temperature  of  which  was  maintained  constant.  After  being  allowed 
to  remain  for  a  time  sufficient  to  insure  the  attainment  of  temperature 
equilibrium  between  oven  and  film,  the  box  was  taken  from  the 
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Fig.  o.     Photograph  of  assembled  calorimeter 

oven  and  placed  (opened  part  down)  over  the  film  sprocket.  As  the 
warm  film  is  surrounded  by  air  at  constant  temperature  and  a  rela- 
tively thick  layer  of  wood,  and  as  the  interval  needed  to  remove  the 
box  from  the  oven  and  place  it  in  the  above  position  is  only  a  few 
seconds,  the  change  in  heat  content  of  the  film  is  very  small.  There 
is  a  possibility  of  a  small  loss  of  heat  occurring  as  the  film  passes  over 
the  sprocket.  The  film  was  introduced  into  the  inner  chamber  at 
various  speeds  ranging  from  (85-240)  feet  per  minute.  From  a  few 
preliminary  trials,  it  was  ascertained  that  the  film  should,  be  stored 
in  the  oven  at  least  24  hours  to  insure  temperature  equilibrium. 
It  may  be  of  interest  at  this  point  to  consider  the  probable 
error  that  may  be  expected  in  measurements  of  the  specific  heat. 
Following  are  given  the  approximate  magnitudes  of  the  various 
factors   concerned   and   the   uncertainty   in   measurement   of   each. 

Mass  of  film  500  ±  1  gram 

Change  in  temperature  of  calorimeter  4.00  +  .03° 

Water  equivalent  in  calorimeter  961+6  gram  calories 

Difference  between  the  initial  and  final  temperature  12.00  +  .15°  of  the  film 

Using  these  values,  it  can  be  shown  that  the  percentage  deviation 
of  a  single  determination  will  be  ±1.58%  and  the  percentage  devia- 
tion of  the  mean  of  four  determinations  will  be  ±  .8%. 
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From  this,  it  is  obvious  that  in  order  to  have  the  average  of 
four  measurements  of  the  specific  heat  reliable  to  less  than  1%,  a 
roll  of  film  should  have  a  mass  of  500  grams  and  the  temperature 
of  the  oven  should  be  at  least  15  to  18  degrees  above  the  final  tempera- 
ture of  the  calorimeter.  If  the  weight  of  the  film  be  greater  than 
500  grams,  and  the  temperature  change  of  the  film  greater  than  12 
degrees,  then  the  percentage  deviation  of  a  single  determination  would 
be  less  than  1.58%.  It  is  not  advantageous,  however,  to  have  the 
initial  temperature  of  the  film  too  high,  since  under  such  conditions 
the  loss  of  heat  at  the  sprocket,  over  which  the  film  was  passed  before 
entering  the  calorimeter,  will  increase  because  of  the  increased 
temperature  gradient  between  the  film  and  sprocket.  It  is  estimated 
that  45°C  is  the  practical  limit,  and  this  is  well  below  the  kindling 
point  of  the  film. 

Table  No.  3 
Detailed  data  on  specific  heat  of  motion  picture  film. 

Trial  No.  7  (Table  7) 

Base:  Cellulose  Nitrate 

Mass  of  Film:  552  grams 
Optical  density  (average) :  0.56 

Time  in  oven:         100  hours 

Sprocket  speed:       108  feet  per  minute 

Calorimeter  Temperature  rise:  2.38°C. 


ime 

Relative  Time  in 

Temperature 

minutes 

Calorimeter 

Oven 

9.00 

0 

22.29 

39.98 

.05 

5 

.40 

.75 

.10 

10 

.50 

.64 

.15 

15 

.58 

.82 

.20 

20 

.66 

.76 

.25 

25 

.74 

.96 

.30 

30 

.82 

.90 

.31 

31 

23.00 

31.5 

.64 

34. 83  Mean 

.32 

32 

24.34 

32.5 

.60 

.33 

33 

.80 

33.5 

.90 

.34 

34 

25.06 

34.5 

.12 

.35 

35 

.15 

35.5 

.16 

.36 

36 

.16 

36.5 

.14 

.37 

37 

.12 

.38 

38 

.08 

.39 

39 

.03 

.40 

40 

24.98 

.42 

42 

.90 

.44 

44 

.84 

.46 

46 

.79 

.48 

48 

.76 

.50 

50 

.73 

.55 

55 

.66 

.60 

60 

.62 

10.05 

65 

.58 

.10 

70 

.56 

.15 

75 

.54 

.20 

80 

.52 
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A  large  number  of  determinations  of  specific  heat  were  made. 
In  Table  3  are  shown  the  detailed  data  obtained  in  one  of  the  indi- 
vidual trials;  these  data  are  shown  graphically  in  Figure  6.  The 
method  of  obtaining  the  desired  information  is  similar  to  that 
described  under  the  section  on  the  water  equivalent  of  the  calorimeter. 
By  extrapolating  the  Curves  2  and  3,  the  point  X  is  located.  The 
perpendicular  is  dropped  from  this  point  X  intersecting  the  Curve  1 
(extrapolated)  to  Y.  The  temperature  difference  between  the  points 
X  and  Y  is  the  corrected  rise  in  the  temperature  of  the  calorimeter 
produced  by  the  introduction  of  the  warm  film.  This  method  very 
satisfactorily  eliminates  the  errors  due  to  the  generation  of  heat  in 
the  calorimeter  by  the  fan  used  for  producing  the  circulation  of  air 
and  due  to  the  loss  of  heat  by  the  calorimeter  to  its  surroundings 
after  its  temperature  rises  as  a  result  of  the  entrance  of  the  heated 
film. 


Fig.  6.     Calorimetric  characteristic  curves 
Determination  of  specific  heat 

A  large  mass  of  data  was  obtained  relative  to  the  specific  heats 
of  the  various  films,  and  in  order  to  present  this  clearly  in  summarized 
form  it  will  be  convenient  to  adopt  a  symbolic  method  for  denoting 
the  various  factors.    The  letters  which  are  used  in  the  subsequent 
tabulation  have  the  following  significance. 
A  =  Weight  of  film  (grams) 
B  =  Length  of  film  (feet) 
C  =  Rate  at  which  film  was  run  in  the  calorimeter  (feet  per 

minute) 
D  =  Time  of  heating  film  in  oven  (hours) 
E  =  Temperature  of  the  oven  (centigrade) 

F  =  Final  temperature   (corrected)   of  calorimeter  as  indicated 
by  point  X,  Figures  4,  6,  and  8. 
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H  =  Initial  temperature  (corrected)  of  calorimeter  as  indicated 

by  point  Y,  Figures  4,  6,  and  8. 
K  =  Specific  heat  of  film 

L  =  Temperature  of  film  prior  to  being  passed  through  projector 
M  =  Total  quantity  of  heat. added  to  calorimeter  by  film  (gram 

calories) 
N  =  Heat  added  per  foot  of  film  (gram  calories) 
P  =  Difference  between  the  temperature  of  film  as  it  enters  the 

calorimeter  and  its  original  temperature 
■W  =  Water  equivalent  of  calorimeter 
The  relation  between  the  factors  used  for  the  computation  for  the 
specific  heat  values  is  expressed  in  the  following  equations. 
A-  K(E-F)=961  •  (F-H> 
961  •  (F-H) 
A  •  (E-H) 
In  Tables  4,  5,  and  6  are  given  summaries  of  the  results  obtained 
using  films  of  various  optical  densities.    It  will  be  noted  that  several 
independent  determinations  were  made  in  each  case  and   that  the 
agreement  of  the  individual  values  with  the  mean  of  each  group  is 

Table  No.  4 

Specific  heat  of  motion  picture  film. 

Base:  Cellulose  Nitrate. 

Optical  density  (mean) :  0.66  (average  picture) 

Trial  A  B  C  D  E              F             H  K 

1  656  310  103  48  41.23  27.68  23.70  0.4303 

2  656  310  103  72  39.74  24.64  20.20  0.4343 

3  617  290  104  41  39.72  25.36  21.38  0.4317 

4  656  310  .105  42  40.98  26.62  22.36  0.4362 

Mean  0.4332 

Percentage  of  maximum  deviation  from  the  mean :  0 .  75  % 

Percentage  of  average  deviation  from  the  mean:  0.50% 

Calculated  specific  heat  of  clear  film:  0.4341 

Table  No.  5 

Specific  heat  of  motion  picture  film. 

Base:  Cellulose  Nitrate. 

Optical  density:  3.46  (uniformly  flashed) 


Trial 

A 

B 

C 

.  D 

E 

F 

H 

K 

1 

747 

320 

80 

15 

40.10 

26.13 

22.05 

0.378* 

2 

747 

320 

90 

18 

39.30 

27.53 

24.03 

0.382* 

3 

747 

320 

80 

60 

40.86 

28.74 

24.74 

0.4246 

4 

747 

320 

80 

48 

39.60 

28.30 

24.59 

0.4224 

5 

737 

318 

92 

24 

40.33 

27.80 

23.66 

0.4308 

6 

737 

318 

80 

48 

40.58 

29.88 

26.36 

0.4289 

Mean  0.4267 

*  Discarded  as  the  film  was  not  left  in  the  oven  long  enough  to  reach  equilibrium 

temperature. 

Percentage  of  maximum  deviation  from  the  mean:  1.01% 

Percentage  of  average  deviation  from  the  mean:  0.75% 

Calculated  specific  heat  of  clear  film:  0.4323 
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Table  No.  6 

Specific  heat  of  motion  picture  film. 

Base:  Cellulose  Nitrate 

Optical  densit}-:  0.06  (fixed-out  without  development) 

Trial  ABCDEFHK 

1  737    340     90     48     39.40   27.89   24.03   0.4373 

2  735     340     92     45     39.53   27.66   23.92   0.4318 

3  734    340     92     45     39.02   26.63   22.53   0.4332 

4  732     338    112     240     39.50   20.49   26.18   0.4341 

Mean   0.4341 

Percentage  of  maximum  deviation  from  the  mean:  0.75% 

Percentage  of  average  deviation  from  the  mean:  0.42% 

very  satisfactory.  From  the  mean  values  of  specific  heat  obtained 
on  the  samples  of  film  having  the  density  values  of  .66  (Table  4) 
and  3.46  (Table  5),  it  is  possible  to  obtain  the  specific  heat  for  a  film 
having  no  silver  image.  The  relation  between  optical  density  and 
mass  of  silver  per  unit  area  is  specified  by  the  photometric  constant. 
Thus,  the  value  of  this  constant  is  the  number  of  milligrams  of  silver 
per  square  centimeter  for  a  deposit  having  an  optical  density  of 
unity.  This  value  is  known  with  a  fair  degree  of  certainty  and  if  in 
addition  to  this  the  specific  heat  of  silver  arid  the  area  of  the  film  be 
known,  it  is  possible  to  compute  the  specific  heat  of  a  film  containing 
no  silver.  This  calculated  value  of  specific  heat  for  clear  film  is 
entered  in  each  of  the  tables  mentioned. 

The  three  rolls  of  film  which  had  been  used  thus  far  in  the 
determination  of  specific  heat  had  been  repeatedly  heated  and  cooled 
and  it  was  thought  that  perhaps  this  treatment  might  have  produced 
some  change  in  their  constitution  which  would  have  an  appreciable 
influence  upon  the  specific  heat.  In  order  to  test  this,  new  samples 
were  obtained,  one  roll  being  exposed  and  developed  to  a  uniform 
density  of  3.0  and  on  the  other  roll  was  printed  and  developed 
an  average  picture.  The  results  obtained  with  these  two  samples 
are  tabulated  in  Tables  7  and  8,  and  it  will  be  noted  that  the  specific 

Table  No.  7 

Specific  Heat  of  Motion  Picture  Film. 

Base:  Cellulose  Nitrate. 

Optical  Density  (mean):  0.56  (average  picture) 

Trial  ABCDEFHK 

1  683  314  216  48  38.82  25.95  22.00  0.4318 

2  508  236  192  72  43.25  26.04  22.10  0.4331 

3  680  314  236  45  42.91  28.02  23.38  0.4404 

4  504  234  200  48  39.43  27.03  24.18  0.4382 

5  500  230  230  100  43.20  26.09  22.20  0.4370 

6  600  280  112  130  44.46  28.74  24.45  0.4371 

7  552  264  108  100  34.83  25.25  22.87  0.4307 

Mean   0.4355 

Percentage  of  maximum  deviation  from  the  mean:  1.12% 

Percentage  of  average  deviation  from  the  mean:  .72% 

Calculated  specific  heat  of  clear  film:  0.4366 
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Table  No.  8 

Specific  heat  of  motion  picture  film. 

Base:  Cellulose  Nitrate 

Optical  density:  3.00  (uniformly  flashed) 

Trial  A  B  C  D             E  F             H            K 

1  606  290  115  75  43.82  29.42  25.54  0.4273 

2  416  200  160  100  43.72  28.89  26.16  0.4253 

3  598  280  140  48  44.28  28.42  24.14  0.4337 

4  596  279  110  70  44.15  30.03  26.28  0.4281 

5  595  278  110  100  49.70  30.03  24.77  0.4319 

6  595  278  100  50  45.51  26.31  21.20  0.4298 

7  564  270  108  100  45.50  26.46  21.70  0.4258 

Mean   0.4288 

Percentage  of  maximum  deviation  from  the  mean:  1.17% 

Percentage  of  average  deviation  from  the  mean:  .58% 

Calculated  specific  heat  of  clear  film:  0.4345 

heat  values  obtained  with  these  new  samples  agree  very  well  with 
those  shown  in  the  previous  table.  It  should  be  noted  that  the 
mean  value  of  each  of  the  two  series  of  determinations  on  film  having 
an  average  picture  differ  by  only  1.4  parts  in  430,  and  in  the  case 
of  flashed  films  having  densities  of  3.0  and  3.46  the  difference  is  2.0 
parts  in  430,  showing  that  the  previous  treatment  had  very  little 
effect  upon  this  specific  heat  of  the  material.  The  values  of  the 
specific  heat  of  clear  film  calculated  from  those  measured  on  film 
containing  the  silver  image  agree  very  well  with  each  other  and  with 
the  values  measured  directly  on  the  clear  film  (density  .06) .  The  rate 
at  which  the  film  was  introduced  into  the  calorimeter  was  varied  over 
a  wide  range  as  is  shown  in  column  C  of  Tables  7  and  8.  It  will  be 
noted  that  this  variation  in  speed  had  a  negligible  effect  on  the  final 
results. 

The  results  of  the  specific  heat  measurements  upon  film  made 
with  cellulose  acetate  base  are  recorded  in  Table  9.  In  the  case 
of  this  material,  measurements  were  made  only  on  the  clear  film, 
the  samples  being  obtained  by  fixing  out  the  sensitive  material  with- 
out either  exposure  or  development.  In  Table  10  a  summary  of  all 
specific  heat  determinations  is  given.  It  will  be  noted  that  the 
specific  heat  of  film  which  has  a  high  optical  density  is  definitely  lower 

Table  No.  9 

Specific  Heat  of  Motion  Picture  Film. 

Base:  Cellulose  Acetate 

Optical  Density:  0.06  (Fixed-out  without  development). 

Trial  ABCDEFHK 

1  403     222     85     72     39.61   23.93   20.78   0.4791 

2  401     220     85     45     35.56   23.80   21.42   0.4851 

3  401     220     85     70     39.83   25.93   23.10   0.4879 

4  624     340     90     45     39.92   26.49   22.34   0.4759 

Mean   0.4820 

Percentage  of  maximum  deviation  from  the  mean:  1.27% 

Percentage  of  average  deviation  from  the  mean:  .94% 
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Table  No.  10 
Specific  heat  of  motion  picture  film. 
Summary  of  all  data. 

A  a  =  Average  deviation  from  mean  (%) 
Am  =  Maximum  deviation  from  mean  (%) 


Table 

Base 

Optical  Density 

Specific  Heat 

Aa 

Am 

5 

Nitrate 

3.46  uniform 

.427 

0.75 

1.00 

8 

Nitrate 

3.00  uniform 

.429 

0.58 

1.17 

4 

Nitrate 

.66  mean 

.433 

0.50 

0.75 

7 

Nitrate 

.56  mean 

.436 

0.72 

1.12 

6 

Nitrate 

.06  clear 

.434 

0.42 

0.75 

9 

Acetate 

.  06  clear 

.482 

0.94 

1.27 

42 

Nitrate 

.06  clear 

.434 





52 

Nitrate 

.  06  clear 

.432 





72 

Nitrate 

.06  clear 

.437 



■ 

82 

Nitrate 

.06  clear 

.434 



■ 

than  that  of  a  sample  containing  no  metallic  silver.  The  difference, 
however,  is  relatively  small.  In  the  last  two  columns  of  Table  10 
are  given  figures  which  show  the  magnitude  of  the  probable  errors  in 
the  values  of  specific  heat.  The  last  four  values  in  Table  10  are  those 
computed  for  the  specific  heat  of  clear  film.  It  is  of  interest  to  note 
that  the  mean  of  these  values  is  .434,  which  is  identical  with  the 
measured  value  of  the  specific  heat  obtained  from  Table  6.  It  is 
thought  that  the  results  obtained  are  very  consistent  and  represent 
fairly  precise  determinations  of  the  desired  values. 

In  all  the  specific  heat  determinations,  the  temperature  of  the 
oven  (and  consequently  the  initial  temperature  at  which  the 
film  was  introduced  into  the  calorimeter)  was  varied  for  each  trial. 
The  oven  regulator  was  set  at  random  each  time,  a  roll  of  film  placed 
therein,  and  the  oven  allowed  to  come  to  a  condition  of  equilibrium. 
The  oven  temperature  was  recorded  at  five  minute  intervals  for 
half  an  hour  preceding  the  removal  of  the  film.  The  mean  of  these 
values  was  taken  as  the  temperature  of  the  film  provided  it  had 
been  in  the  oven  more  than  24  hours.  This  variation  in  the  initial 
temperature  of  the  film  produced  a  slightly  different  temperature 
gradient  between  the  film  and  the  air  in  the  calorimeter,  thereby 
varying  the  conditions  to  a  certain  extent  for  each  determination. 

The  work  thus  far  reported  may  be  regarded  as  preliminary 
to  the  main  problem.  A  satisfactory  calorimeter  has  been  designed, 
constructed,  and  calibrated.  The  specific  heat  of  the  film  itself 
has  been  determined  with  great  care  and  a  fairly  high  degree  of 
precision.  We  are  now  in  a  position  to  proceed  with  the  main  part 
of  the  problem,  a  determination  of  the  temperature  change  which  is 
produced  in  the  film  during  projection. 

Heat  Absorbed  by  Film  during  Projection 
The  amount  of  heat  that  is  absorbed  by  film  during  projection 
depends  upon  many  factors  of  which  the  more  important  are: 

a.     The  optical  density  of  the  film,  which  is  determined  by 
the  mass  of  metallic  silver  per  unit  area. 

2  Indicates  that  the  value  of  specific  heat  was  computed  for  clear  film 
from  the  data  obtained  from  the  table  indicated. 
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b.  The  speed  at  which  the  film  passes  through  the  projector. 

c.  Arc  current  or  power  consumption  in  the  source. 

d.  Type  of  projector  used. 

e.  The  technique  of  the  operator. 

All  other  conditions  being  equal,  more  heat  will  be  absorbed 
when  the  film  is  projected  at  a  low  rate  than  at  a  high  rate.  The 
greater  the  mass  of  silver  per  unit  area,  the  greater  will  be  the  amount 
of  heat  absorbed.  For  light  sources  of  similar  characteristics,  from 
the  standpoint  of  spectral  distribution  of  radiation,  the  heat  absorbed 
will  be  greater  for  sources  of  higher  wattage.  For  a  given  screen 
brightness  obtained  by  the  use  of  sources  of  different  type  (carbon 
arc,  flame  arc,  tungsten,  etc.,)  the  heating  effect  will  depend  upon 
the  spectral  distribution  of  the  energy  radiated  by  the  various  sources. 
The  amount  of  heat  absorbed  by  the  film  due  to  contact  with  heated 
parts  of  the  projector  will  depend  very  much  upon  the  mechanical 
design,  the  temperature  at  which  the  parts  adjacent  to  the  film  are 
heated,  and  the  length  of  time  the  film  remains  in  contact  with  these 
parts.  The  ability  of  the  operator  to  keep  the  crater  of  the  arc 
or  the  image  of  the  lamp  filament  uniformly  focused  on  the  aperture 
at  the  gate,  and  to  maintain  an  evenly  illuminated  picture  on  the 
screen  has  a  certain  influence  upon  the  amount  of  heat  that  will  be 
absorbed  by  the  film.  The  various  types  of  projectors,  method  of 
winding  film  after  it  leaves  the  gate,  and  the  manner  of  storing  it, 


Fig.  7.     Calorimeter  in  position  to  receive 
film  from  projector 
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influence  to  a  certain  extent  the  amount  of  heat  absorbed  and  re- 
tained in  the  film.  In  the  following  pages,  the  influence  of  some  of 
these  factors  is  specifically  determined  but  no  attempt  will  be  made  at 
the  present  time  to  establish  definitely  the  precise  influence  of  all 
of  those  mentioned. 

A  Simplex  projector  of  standard  design  fitted  with  the  usual 
arc  lamp  was  used;  the  lower  magazine  was  removed  and  the  calor- 
imeter was  placed  directly  under  the  head  of  the  machine,  as  shown 
in  Figure  7.  The  film,  after  leaving  the  projector,  passed  over 
two  wooden  rollers  and  was  forced  into  the  calorimeter  by  the 
sprocket  mounted  thereon.  Considerable  practice  and  skill  were 
required  on  the  part  of  the  operator  to  obtain  synchronism  between 
the  sprocket  motor  and  the  projector  motor  so  as  to  force  the  film 
into  the  calorimeter  at  the  same  rate  that  it  passed  through  the 
projector.  In  future  work  which  is  planned  along  these  lines,  the 
calorimeter  sprocket  will  be  driven  directly  from  the  projector  mech- 
anism, thus  eliminating  this  difficulty. 

The  initial  temperature  of  the  film  was  in  all  cases  equal  to 
room  temperature.  No  attempt  was  made  to  hold  it  at  any  fixed 
value,  yet  special  precaution  was  taken  to  make  sure  that  the  film 
was  at  room  temperature.  Thirty  minutes  previous  to  making  a 
test,  the  film,  which  was  stored  in  a  wooden  box  situated  in  one 
corner  of  the  projection  room,  was  unwound  and  allowed  to  lie  in  a 
loose  mass  on  the  floor.  A  current  of  air  was  circulated  through 
the  film  and  a  thermometer,  placed  in  the  pile  of  film,  was  used 
to  record  the  temperature.  The  difference  between  the  temperature 
of  the  film  itself  and  the  upper  magazine  of  the  projector  was  very 
small  and  it  is  thought  that  the  initial  temperature  of  the  film 
determined  in  this  way  is  very  reliable.  In  removing  the  film  from 
the  calorimeter  after  a  run,  the  same  general  procedure  was  followed. 
The  film  was  piled  in  a  loose  heap  on  the  floor  and  allowed  to  remain 
there  for  a  half  hour  or  more  before  winding  into  rolls  and  storing 
away  or  being  placed  in  the  projector  magazine  for  a  repeat  test. 
Thus,  the  film  was  at  all  times,  except  immediately  after  passing- 
through  the  projector,  at  room  temperature.  In  every  trial,  the 
speed  at  which  the  film  passed  through  the  projector  was  regulated 
and  measured.  The  calorimetric  procedure  was  similar  to  that 
previously  described  in  the  measurement  of  specific  heat.  The 
temperature  of  the  calorimeter  was  observed  at  periodical  intervals 
for  a  period  of  half  an  hour  preceding  the  introduction  of  the  heated 
film.  Temperature  measurements  were  taken  at  very  frequent 
intervals  while  the  film  was  being  introduced  into  the  calorimeter 
and  for  a  short  time  after  the  maximum  temperature  had  been  reached. 
Temperature  readings  were  thus  taken  over  a  period  of  half  an  hour 
or  more  in  order  to  determine  the  shape  of  the  cooling  curve  (Curve 
3,  Figure  8). 

The  arc  was  focused  on  the  gate  for  ten  or  twelve  minutes 
before  starting  the  run.  Two  minutes  before  starting,  the  reel  of 
film  was  placed  in  the  upper  magazine,  the  film  threaded  through 
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Table  No.  11 

Detailed  data  on  heat  absorbed  during  projection. 

Trial  No.  9,  Table  No.  12. 

Base:  Cellulose  nitrate 

Optical  Density:  0.56  (average  picture) 

Projection  Speed:  60  feet  per  minute 

Arc  Current:  60  amperes 

Calorimeter  Temperature  Rise:  2.32°C 


Time 

Relative  time 

Temperature  of  the 

in  minutes 

Calorimeter                       Film 

9.40 

0 

21.16                           19.00 

.45 

5 

.21 

.50 

10 

.25 

.55 

15 

.29 

.60 

20 

.33 

10.05 

25 

.36 

.10 

30 

.38 

.15 

35 

.40 

.16 

36 

21.64 

.17 

37 

22.08 

.18 

38 

.70 

.19 

39 

23.08 

.20' 

40 

.40 

40.5 

.56 

.21 

41 

.62 

41.5 

.63 

.22 

42 

.62 

42.5 

.60 

.23 

43 

.55 

.24 

44 

.46 

.25 

45 

.38 

.28 

48 

.20 

.30 

50 

.14 

.35 

55 

.00 

.40 

60 

22.90 

.45 

65 

.84 

.50 

70 

.78 

.55 

75 

.74 

.60 

80 

.71 

the  projector,  passed  over  the  wooden  rollers  and  the  calorimeter 
sprocket,  and  the  end  introduced  into  the  calorimeter  through  the 
intake  slit.  Special  precautions  were  taken  to  keep  the  arc  properly 
focused  on  the  gate  during  the  entire  run.  In  Table  11  are  shown 
the  detailed  data  obtained  in  one  such  experiment,  and  in  Figure  8 
these  data  are  plotted  in  the  usual  manner.  The  points  X  and  Y  are 
located  by  extrapolation  of  the  plotted  curves  and  in  this  way  the 
temperature  rise  in  the  calorimeter,  due  to  the  heat  carried  in  by  the 
warm  film,  was  determined.  From  this  value  (F  — H)  the  mass  of 
film  (A),  and  the  water  equivalent  calorimeter,  the  amount  of  heat 
(in  calories)  per  foot  of  film  (N)  may  be  computed. 

From  this  value  and  the  specific  heat  of  the  material,  it  is  possible 
to  compute  the  temperature  at  which  the  film  was  introduced  into 
the  calorimeter. 

Using  the  terminology  previously  defined,  we  may  write  the 
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Fig.  8.     Calorimetric  characteristic  curves 
Determination  of  heat  absorbed  during  projection 

following  equations  to  represent  the  relation  between  the  various 

to  of  nyG 

M  =  (F-H)-W+(F-L)A-K  (1) 

M     (F-H)  W+(F-L)  A  •  K 


(2) 

.(3) 
The  values  for  each  of  these  expressions  for  the  nine  trials 

on  different  films  having  an  average  picture  (mean  density  .56)  are 


N 
P  = 


N=  M  ^(F-H)W+(F-L)  A  ;  K 
K    BK  BK 


Table  No.  12 


Heat  absorbed  during  projection. 


Base: 

Optical  Density  (mean) : 

Projection  Speed: 

Arc  Current: 

M: 

N: 

P: 


Trial 
1 
2 
3 
4 
5 


A 

706 

706 

651 

542 

435 

654 

651 

541 

640 


B 

326 

326 

301 

251 

202 

303 

310 

251 

298 


Cellulose  Nitrate 

0.56  (average  picture) 

60  feet  per  minute 

60  amperes 

Total  heat  absorbed  by  calorimeter 

Heat  per  foot  of  film 

Difference  between  initial  temperature  of  film  and 

that  on  entering  calorimeter 


F 

27.41 
24.70 
26.66 
26.09 
27.38 
25.24 
26.28 
26.92 
23.74 


H 
24.40 
21.42 
23.64 
23.92 
23.50 
22.10 
24.10 
24.58 
21.42 


L 

22.00 
21.50 
21.50 
21.50 
23.50 
21.50 
21.50 
22.00 
19.00 


M 

4553 
4122 
4370 
3170 
2598 
4078 
3445 
3400 
3540 

Mean 


N 

14.0 
12.6 
14.5 
12.6 
12.8 
13.4 
11.1 
13.5 
11.9 

12.9 


P 
14.8 
13.1 
15.5 
13.5 
13.7 
14.3 
12.2 
14.4 
12.7 

13.6 
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Table  No.  13 

Heat  absorbed  during  projection. 

Base:  Cellulose  nitrate. 

N:  Heat  received  by  calorimeter  per  foot  of  film. 

P:  Difference  between  initial  temperature  of  film  and  that  on  entering 

the  calorimeter 
Aa:  Average  deviation  from  mean  (%)  for  P 

Am:  Maximum  deviation  from  mean  (%)  for  P 


Series 

Optical 
Density 

Projection 
Speed 

Arc 

Current 

N 

P 

Aa 

Am 

a 

0.56  mean 

60 

60 

12.9 

13.6 

6.6 

14.0 

b 

0.56  mean 

90 

60 

8.7 

9.5 

5.2 

10.5 

c 

0.56  mean 

60 

120 

18.0 

19.4 

4.1 

6.0 

d 

3.46  uniform 

60 

60 

13.3 

14.8 

9.5 

12.2 

e 

.06  uniform 

60 

60 

6.08 

6.5 

4.1 

6.2 

f 

.06  uniform 

60 

120 

7.2 

7.8 

a 

a 

g 

.06  uniform 

90 

60 

4.38 

4.66 

1.3b 

1.3b 

h 

0.6-1.34 

60 

40-45 

9.82 

10.52 

4.9 

7.3 

a  =  only  one  determination 
b=only  two  determinations 

tabulated  in  Table  12,  the  projection  speed  being  60  feet  per  minute 
and  the  arc  current  60  amperes.  It  will  be  noted  that  the  deviation 
of  the  individual  determination  from  the  mean  is  not  great  in  any 
case,  indicating  that  the  results  obtained  are  repeatable  and  fairly 
reliable.  In  Table  13,  similar  values  are  tabulated  for  films  of 
different  optical  densities  passed  through  the  projector  at  various 
speeds.  It  should  be  noted  that  all  measurements  made  on  the 
amount  of  heat  absorbed  during  projection  apply  to  film  on  cellulose 
nitrate  base. 
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Fig.  9.     Heat  absorbed  under  various  conditions 

The  mean  values  for  a  film  having  an  average  picture  (mean 
density  =  .56)  at  various  speeds  of  projection  and  at  various  arc 
currents  are  shown  graphically  in  Figure  9.  In  order  to  obtain  other 
points  from  which  to  plot  the  curve  for  90  feet  per  minute  projection 
speed,  values  were  computed.  For  an  arc  current  of  60  amperes,  the 
ratio  of  the  heat  absorbed,  at  90  feet  per  minute  to  that  at  60  feet 
per  minute  was  found  to  be  .67.  This  is  the  relation  to  be  expected 
since  it  seems  reasonable  to  assume  that  the  heat  absorbed  should 
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be  inversely  proportional  to  the  projection  speed.  Assuming  that 
this  ratio  holds  for  a  range  from  40  to  150  amperes,  the  values  for 
arc  currents  of  40  and  120  amperes  at  a  projection  speed  of  90  feet 
per  minute  were  calculated. 

In  Figure  9,  the  points  indicated  by  crosses  (XX)  are  plotted 
from  values  thus  computed.  As  no  determinations  were  made  at 
zero  current,  the  points  at  which  these  curves  should  cut  the  Y  axis 
are  estimated.  However,  a  small  amount  of  heat  is  generated  by 
friction  and  it  is  probable  that  the  temperature  rise  due  to  friction 
will  be  somewhat  greater  at  the  higher  speeds.  It  is  thought  that 
the  curves  as  drawn,  therefore,  represent  a  fair  approximation  to 
truth. 

There  are  two  sources  of  heat  loss  which  influence  to  a  certain 
extent  the  values  in  Table  13.  There  is  a  loss  due  to  metallic  con- 
duction, while  the  film  after  leaving  the  gate  is  in  contact  with  the 
intermittent  movement  and  the  lower  sprocket  of  projector,  the  two 
wooden  rollers  and  the  sprocket  on  the  calorimeter.  The  second  loss 
is  caused  by  radiation  and  convection.  The  portion  of  the  film 
between  the  gate  itself  and  the  point  at  which  it  enters  the  calorimeter 
is  in  contact  with  the  air  and  undoubtedly  a  slight  loss  of  heat  occurs 
at  this  point.  In  the  set-up  used  in  this  work  the  distance  between 
the  gate  and  the  intake  of  the  calorimeter  was  about  30  inches. 
At  a  projection  speed  of  60  feet  per  minute,  any  point  on  the  film 
is  exposed  to  the  air  of  the  room  for  a  period  of  2.5  seconds,  both  sides 
of  the  film  being  exposed  to  air.  Considering  these  two  possible  heat 
losses,  it  is  probable  that  the  film  at  the  moment  it  leaves  the  gate 
of  the  projector  is  at  a  slightly  higher  temperature  than  when  it 
enters  the  calorimeter. 

All  of  the  values  thus  far  tabulated  refer  to  the  amount  of  heat 
carried  into  the  calorimeter  by  the  film  and  to  the  temperature 
of  the  film  entering  the  calorimeter.  It  is  obvious  that  these  values 
are  somewhat  lower  than  those  applying  to  the  film  as  it  leaves  the 
gate  of  the  projector.  Assuming  that  Curve  1  in  Figure  9  represents 
the  amount  of  heat  that  is  added  to  the  calorimeter  per  foot  of  film 
(for  a  film  carrying  an  average  picture)  at  a  projection  speed  of 
60  feet  per  minute  for  all  current  values  up  to  150  amperes,  and 

Table  No.  14 

Heat  absorbed  during  projection. 

Base:  Cellulose  nitrate. 

Optical  Density:         0.56  (average  picture) 

Tabulated  values  =  N  =  Heat  received  by  calorimeter  per  foot  of  film. 


Speed:  Feet 

Current 

in  Amperes 

per  minute 

40 

60 

80 

100 

120 

150 

40 

14.7 

19.4 

22.4 

25.0 

27.0 

29.7 

50 

11.8 

15.5 

17.8 

20.1 

21.8 

23.7 

60 

9.8 

12.9 

14.9 

16.7 

18.-0 

19.8 

70 

8.4 

11.0 

12.8 

14.3 

15.4 

17.0 

80 

7.3 

9.7 

11.2 

12.5 

13.5 

14.8 

90 

6.8 

8.8 

10.2 

11.2 

12.0 

13.2 

100  5.9  7.8  9.0  10.1  10.8  '  H.9 
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Table  No.  15 

Heat  absorbed  during  projection. 
Base:  Cellulose  nitrate 

Optical  Density:  0.56  (average  picture) 

Tabulated  Values  =  P  =  Difference  between  initial  temperature  of  film  and  that 
on  entering  calorimeter. 

Speed:  Feet  Current  in  Amperes 

per  minute          1+0  60  80  100  120  150 

40  16.0  20.8  24.4  27.2  29.3  32.2 

50  12.8  16.8  19.2  21.7  23.6  25.6 

60  10.6  13.9  16.1  18.0  19.4  21.4 

70               9.1  11.9  13.8  15.5  16.7  18.4 

80               7.9  10.5  12.1  13.5  14.6  16.0 

90               7.3  9.5  11.0  12.1  13.0  14.3 

100               6.3  8.4  9.7  10.9  11.7  12.9 

that  the  heat  absorbed  is  inversely  proportional  to  the  speed  of 
projection,  the  amount  of  heat  added  to  the  calorimeter  under  various 
conditions  of  projection  speed  and  arc  current  are  calculated.  In 
Table  14  are  given  the  results  thus  obtained.  The  heat  capacity  of  a 
foot  of  film  was  calculated  to  be  .92  calories  per  degree.  Using 
this  value  the  corresponding  change  in  temperature  of  a  film  under 
the  same  conditions  was  calculated  from  the  various  values  given  in 
Table  14  and  these  are  given  in  Table  15.  From  a  knowledge  of  the 
emissivity  constant  for  film,  the  length  of  time  elapsing  between 
leaving  the  gate  and  entering  the  calorimeter  and  the  temperature 
gradient  between  the  film  and  the  surrounding  air,  it  is  estimated 
that  the  heat  introduced  into  the  calorimeter  per  foot  of  film  is 
about  95%  of  that  which  would  have  been  carried  into  the  calorimeter 
had  there  been  no  loss  between  the  gate  and  the  calorimeter. 

Table  No.  16 

Heat  absorbed  during  projection. 
Base:  Cellulose  Nitrate 

Optical  Density:  0.56  (average  picture) 

Tabulated  values  =  Difference  between  initial  temperature  of  film  and  that  on 
leaving  gate  of  projector. 


Speed:  Feet 

Current  in  Amperes 

per  minute 

40 

60 

80 

100 

120 

150 

40 

16.8 

21.9 

25.6 

28.6 

30.6 

33.6 

50 

13.3 

17.5 

20.0 

22.6 

24.6 

26.8 

60 

11.2 

14.5 

16.8 

18.8 

20.2 

22.3 

70 

9.6 

12.5 

14.5 

16.3 

17.6 

19.4 

80 

8.3 

11.0 

12.7 

14.2 

15.4 

16.8 

90 

7.7 

10.0 

11.6 

12.7 

13.7   . 

15.1 

100 

6.6 

8.9 

10.2 

11.5 

12.3 

13.6 

In  Table  16,  the  values  obtained  by  applying  the  correction 
for  these  heat  losses  are  shown.  The  room  temperature  while  these 
measurements  were  being  made  had  a  mean  value  of  approximately 
20°C±3.  The  final  temperature  of  the  film  as  it  leaves  the  gate 
of  the  projector  is  on  the  average,  therefore,  obtained  by  adding  20  to 
each  of  the  various  values  shown  in  Table  16. 

HO 


Conclusions 

It  may  be  well  to  review  briefly  some  of  the  more  salient  points 
in  the  paper  and  to  discuss  the  significance  of  some  of  the  results. 

The  initial  experiments  with  the  liquid  calorimeter  demonstrated 
the  remarkable  tenacity  with  which  a  roll  of  motion  picture  film 
retains  the  heat  which  it  has  collected  during  projection.  This,  of 
course,  is  a  result  of  the  low  thermal  conductivity  of  the  material. 
To  bring  such  a  solidly  wound  roll  of  film  to  temperature  equilibrium 
with  its  surroundings  requires  a  very  long  period  of  time.  When  film 
after  being  projected  is  transferred  immediately  to  tightly  closed 
metal  containers,  necessary  from  the  standpoint  of  fire  protection, 
it  is  obvious  that  they  must  retain  the  heat  absorbed  during  pro- 
jection for  some  time,  and  if  a  roll  is  projected  a  second  time  after 
a  short  interval  the  amount  of  heat  contained  therein  must  necessarily 
be  accumulative  so  that  its  temperature  will  rise  progressively 
after  each  projection.  No  experiments  have  been  reported  in  this 
paper  indicating  the  ultimate  temperature  to  which  a  film  would 
rise  on  being  projected  repeatedly,  and  this  is  one  of  the  points  which 
we  hope  to  report  on  later. 

The  air  calorimeter  designed  and  constructed  proved  to  be 
very  satisfactory  for  the  purpose.  The  results  obtained  with  it 
are  very  repeatable  and  of  a  high  order  of  precision.  Its  water 
equivalent  was  found  to  be  961  gram  calories  with  a  probable  error 
of  +6  gram  calories. 

The  specific  heat  of  motion  picture  film  on  cellulose  nitrate 
base  has  been  determined  and  found  to  be  0.434,  when  no  metallic 
silver  image  is  present.  For  a  film  having  an  optical  density  of  3.46, 
the  specific  heat  was  found  to  be  0.427.  The  difference  therefore, 
between  " clear"  film  and  a  film  containing  a  silver  image  trans- 
mitting 0.1%  of  the  visible  radiation  is  only  0.007  which  is  equivalent 
to  approximately  2%.  It  will  be  seen,  therefore,  that  the  specific 
heat  of  motion  picture  film  is  practically  independent  of  the  density 
of  the  picture.  The  specific  heat  for  motion  picture  film  on  cellulose 
acetate  base  was  found  to  be  0.482. 

Using  a  standard  projector  adjusted  as  near  as  possible  to 
practical  conditions,  the  amount  of  heat  absorbed  by  a  motion 
picture  film  on  cellulose  nitrate  base  was  determined  for  a  variety 
of  conditions.  The  results  show  that  the  amount  of  heat  absorbed 
per  foot  of  film  is  approximately  inversely  proportional  to  the  pro- 
jection speed,  as  would  be  expected.  The  increase  in  the  amount  of 
heat  absorbed  per  foot  of  film  as  the  arc  current  is  increased  is  less 
than  would  apply  if  the  relation  were  one  of  true  proportion.  This 
also  is  to  be  expected.  Increasing  the  arc  current  does  to  a  certain 
extent  increase  the  energy  flux  density  at  the  gate  of  the  machine 
but  not  in  direct  proportion  to  the  current.  The  influence  of  the 
optical  density  of  the  film  upon  the  amount  of  heat  absorbed  is  very 
marked.  Thus  for  clear  film  (containing  practically  no  developed 
silver)  6.0  calories  per  foot  were  absorbed.     This  increased  to  12.9 
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calories  per  foot  for  film  having  an  average  optical  density  of  .56. 
When  film  having  a  uniform  optical  density  of  3.46  was  used,  the 
amount  of  heat  absorbed  per  foot  was  13.3  calories.  These  values 
it  will  be  noted  are  not  in  relation  to  each  other  as  would  be  indicated 
by  the  density  values.  Measurements  of  the  spectral  absorption 
in  the  infra  red  region  show  that  motion  picture  film  is  somewhat 
more  transparent  to  radiation  of  longer  wavelength,  particularly 
in  the  region  from  800  to  1  000mm ,  than  in  the  visual  region  (400 
to  700mm)-  This  fact,  in  connection  with  the  absorption  characteris- 
tics of  the  cellulose  nitrate  base  itself,  accounts  for  the  peculiar 
relation  between  heat  absorption  and  optical  density. 

It  will  be  of  interest  to  illustrate  the  application  of  the  data 
in  Table  16  to  a  practical  case.  Consider  a  projection  room  at  a 
temperature  of  80°F  which  may  be  taken  as  a  fairly  average  condition 
and  assume  that  the  film  has  been  stored  for  some  time  in  this  room 
and  is  in  temperature  equilibrium  with  the  temperature  of  the  room. 
Now  if  this  film  is  placed  in  the  projector  and  projected  at  a  speed 
of  70  feet  per  minute  with  an  arc  current  of  100  amperes,  the  tempera- 
ture rise  is  read  from  Table  16  as  16.3°C  which  is  equivalent  to  29.5°F. 
Adding  this  to  the  initial  temperature  of  the  film,  it  will  be  seen 
that  the  film  leaves  the  gate  of  the  machine  at  a  temperature  of 
109. 5°F.  Values  for  other  arc  currents  and  projection  speeds  read 
from  Table  16  when  added  to  the  initial  film  temperatures  will  give 
the  temperature  of  the  film  leaving  the  projector  under  various 
conditions. 

No  attempt  will  be  made  at  this  time  to  state  specifically  what 
effect  this  temperature  will  have  on  the  effective  life  of  motion 
picture  positives.  It  is  obvious  in  considering  this  that  other  factors 
such  as  length  of  time  during  which  these  temperatures  persist 
must  be  taken  into  account.  The  entire  problem  is  very  complicated 
and  further  work  must  be  done  before  final  conclusions  can  be  drawn. 

The  authors  realize  that  this  treatment  of  the  subject  is  not 
complete.  There  are  many  points  of  interest  which  have  not  been 
treated;  for  instance,  the  influence  of  such  things  as  dyeing  and 
toning,  and  the  use  of  tinted  base  upon  the  heat  absorbing  character- 
istics of  motion  picture  positive  is  of  considerable  interest.  The 
relation  between  the  heat  produced  with  various  types  of  machines 
and  with  various  types  of  light  sources  should  be  determined.  It 
would  also  be  of  interest  to  separate  the  total  heating ,  effect  into  its 
component  factors  and  to  define  definitely  what  proportion  of  the 
heating  is  due  to  radiation  absorbed  at  the  gate,  generated  by  friction, 
or  absorbed  by  contact  with  heated  parts.  Further  work  is  planned 
along  these  lines  and  it  is. -.hoped  to  have  other  data  of  interest  to 
report  at  a  later  time. 

The  authors  wish  to  express  their  appreciation  of  the  assistance 
given  by  Mr.  Milton  F.  Fillius  of  this  company  on  the  preliminary 
work  of  designing,  testing,  .and  calibrating  the  calorimeter. 

Rochester,  N.  Y. 
September  15,  1923. 
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DISCUSSION 

Me.  F.  H.  Richardson:  I  should  like  to  ask  if  there  was  any 
attempt  made  to  find  if  the  light  produced  by  an  alternating  and 
direct  current  arc  caused  any  difference  in  absorption. 

Mr.  L.  A.  Jones:  No.  We  have  not  made  any  such  measure- 
ment as  yet. 

Dr.  Hitchins:  I  think  Mr.  Jones  has  exploded  the  theory  that 
film  suffers  badly  when  going  through  the  projectors.  None  of  the 
temperatures  given  are  high  enough  to  drive  off  residual  or  high 
boiling  solvents.  With  colored  stocks  it  is  to  be  expected  that  as 
more  of  the  heat  rays  are  absorbed  the  life  of  the  film  may  be  shortened. 

Mr.  Renwick:  I  think,  sir,  that  the  authors  are  to  be  compli- 
mented on  having  carried  through  to  this  stage  an  extremely  difficult 
piece  of  work.  One  point  which  is  not  referred  to  may  possibly  have 
been  an  oversight.  In  giving  rises  of  temperature  in  the  tables  they 
have  failed  to  draw  attention  to  the  fact  that  it  applies  to  the  average 
temperature  of  the  film  as  a  whole.  Probably  nine-tenths  of  the  heat 
is  generated  in  the  emulsion  and  that  generated  in  the  base  is  small, 
so  that  the  temperature  of  the  gelatine  must  be  the  greater.  In- 
cidentally, it  has  occurred  to  me  that  there  might  be  considerable 
advantage  in  adopting  a  somewhat  different  method  from  the  one  used 
for  determining  this  particular  quantity.  It  seems  probable  that  a 
dynamic  method  might  give  more  directly  the  actual  figures  that  they 
want.  I  can  conceive  of  a  calorimetric  method  in  which  the  film  is 
being  run  directly  and  continuously  from  the  gate  into  a  trough  of 
mercury  surrounded  by  a  water  jacket  maintained  by  a  measured 
flow  of  water  at  constant  temperature,  and  observations  made  con- 
tinuously with  an  extremely  delicate  thermometer. 

Mr.  F.  H.  Richardson:  It  would  seem  to  me  that  the  projector 
would  warm  up  after  starting.  When  it  first  starts  the  surrounding 
mechanism  will  increase  in  temperature  and  not  reach  equilibrium 
until  several  trials  or  runs  of  500  feet  of  film  have  been  made.  This 
might  introduce  error  from  the  beginning  to  the  end. 

Mr.  L.  A.  Jones:  I  think  Mr.  Ren  wick's  suggestion  is  a  very 
good  one.  We  have  considered  a  continuous  flow  calorimeter  for 
certain  phases  of  the  work  but  I  believe  the  suggestion  of  running 
the  film  through  mercury  is  subject  to  the  same  objection  as  our 
first  calorimeter.  I  believe  it  would  require  a  fairly  long  time  of 
immersion  in  the  mercury  for  the  attainment  of  complete  temperature 
equilibrium  between  the  film  and  the  mercury.  With  projection 
speeds  as  high  as  70  or  even  100  feet  per  minute,  the  film  is  moving 
rather  rapidly  and  the  amount  of  mercury  required  to  give  the 
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required  time  of  immersion  would  be  rather  great.  This  scheme  might 
work  but  I  am  rather  skeptical. 

In  answer  to  Mr.  Richardson's  criticism.  I  should  like  to  say 
that  the  arc  was  always  operated  for  15  minutes  before  the  film  was 
started  through  the  projector.  The  results  indicate  that  during 
this  period  of  time  the  machine  became  heated  to  the  equilibrium 
point.  Experiments,  made  in  which  the  arc  had  been  operating  for 
longer  periods  at  the  beginning  of  the  run  did  not  show  any  appreci- 
able difference,  so  we  considered  that  the  error  from  this  source  was 
negligible. 

Mr.  Palmer:  Undoubtedly,  this  has  occurred  to  Mr.  Jones,  but 
a  thought  came  to  my  mind  that  the  heat  is  imparted  to  the  film  on 
small  sections  of  the  film.  An  area  is  heated  and  another  area  is 
not  heated,  and  it  might  be  that  there  was  some  action  due  to  the 
transference  of  heat  from  the  extremely  hot  section  to  the  edges  which 
would  be  worth  thinking  about. 

Mr.  Jones:  You  will  recall  that  some  of  our  measurements 
were  made  on  film  which  had  been  flashed  and  developed  to  a  uniform 
optical  density  and  other  measurements  were  made  on  films  carrying 
pictures  in  which  the  density  was  distributed  unevenly  over  the 
surface.  These  measurements  indicate  that  the  amount  of  heat 
absorbed  is  dependent  upon  the  average  optical  density  and  practi- 
cally independent  of  whether  the  distribution  is  uniform  or  such  as 
exists  in  the  ordinary  motion  picture  positives.  Undoubtedly,  the 
dense  areas  do  absorb  more  heat  and  hence  get  hotter  than  the  lighter 
areas.  There  is  no  doubt  that  the  temperature  distribution  over  the 
surface  of  the  film  is  not  uniform. 

Mr.  Ren  wick's  statement  that  probably  the  heat  is  localized 
in  the  gelatine  coating  rather  than  distributed  uniformly  throughout 
the  gelatine  and  film  base  is  undoubtedly  true.  However,  we  have 
not  been  able  to  find  any  means  of  measuring  the  temperature  of 
the.  gelatine  independently  of  the  base  on  which  it  is  coated.  It  is 
interesting  to  note  that  the  relation  between  the  heat  absorbed  and 
the  optical  density  of  the  film  is  not  as  would  be  expected  on  the 
assumption  that  the  absorption  is  directly  proportional  to  the  mass  of 
silver  present.  This  can  possibly  be  explained  as  due  to  the  selective 
transmission  of  such  silver  deposits.  They  are  practically  non- 
selective throughout  the  visible  region,  but  measurements  in  the  in- 
fra red  show  that  there  is  a  transmission  band  in  the  region  of  800  to 
1000  millimicrons. 

Dr.  Hitchins:  I  have  done  some  work  on  this  and  check  with 
Mr.  Jones  on  the  heating  of  the  film  or  the  liability  of  film  fire  in  the 
gate.  Film  with  silver  halides  in  it  in  the  unfixed  condition  is  al- 
most non-inflammable.  The  rate  of  firing  does  go  up  with  silver  con- 
tent but  not  proportionally  to  the  optical  density. 

Mr.  Jones:  Mr.  E.  E.  Richardson,  my  collaborator,  did  most 
of  the  actual  experimental  work  reported  in  this  paper  and  deserves 
a  great  deal  of  credit  for  the  skill  and  thoroughness  with  which  he 
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carried  on  the  work.  I  should  like  to  ask  Mr.  Richardson  if  he  has 
anything  to  add  to  the  discussion  at  this  time. 

Mr.  E.  E.  Richardson:  With  regard  to  using  a  mercury  calori- 
meter; such  a  system  might  prove  to  be  ideal  if  it  were  not  too  massive, 
and  if  the  volume  of  mercury  and  the  surrounding  water  were  not 
too  great,  especially  that  of  the  mercury.  However,  as  the  specific 
gravity  of  mercury  is  many  times  greater  than  that  of  water,  the  water 
equivalent  would  probably  be  rather  large  in  comparison  to  the  heat 
absorbed  by  a  foot  of  film  under  normal  conditions  of  projection.  The 
change  in  temperature  of  such  a  calorimetric  system,  if  all  the  heat  in 
the  film  were  absorbed,  and  if  the  heat  losses  were  negligible,  would 
be  very  small  for  a  1000  foot  roll.  The  percentage  error  in  its  measure- 
ment would  be  large  unless  the  greatest  care  were  exercised  to  measure 
the  initial  and  final  temperatures  of  the  system  with  the  maximum 
degree  of  precision. 

Mr.  F.  H.  Richardson:  I  would  suggest  to  Mr.  Jones  and  Mr. 
Richardson,  in  conjunction  with  the  tests  being  made,  that  they  test 
means  of  keeping  film  completely  cooled  with  an  air  blast ;  thus  keep- 
ing film  safe  from  fire  and  damage  through  excessive  heat.  There  has 
been  a  statement  made  that  film  can  be  held  stationary  in  the  gate 
and  prevented  from  burning  by  blowing  air  on  it.  I  should  like  to 
ask  Mr.  Griffin  if  he  can  tell  us  anything  about  this. 

Mr.  Griffin:  While  we  have  not  done  any  experimenting  at 
the  factory  along  the  lines  of  Mr.  Richardson's  suggestion,  I  am  famil- 
iar with  this  practice  because  about  eleven  or  twelve  years  ago 
I  was  connected  with  the  Standard  Motion  Picture  Company,  and 
we  built  for  a  concern  in  England  the  first  shooting  target  machine. 
The  English  patents  at  that  time  incorporated  the  air  blast  at  the 
gate,  and  it  did  keep  the  film  very  cool.  We  were  able  to  use  60 
amperes  direct  current  and  leave  the  fire  shutter  wide  open  for  ten 
or  fifteen  minutes  without  firing  the  film.  That  has  not  been  put  into 
practice  in  the  present  day  projector  because,  I  suppose,  of  the 
apparatus  necessary,  and  the  fact  that  it  might  fail.  Too  much  re- 
liance might  be  placed  on  it  by  the  projectionist.  New  York  City 
did  not  take  to  it  very  kindly.  It  would  not  eliminate  the  necessity 
for  a  fire  shutter,  and  the  expense  probably  puts  it  outside  the 
realm  at  the  present  time.  The  exhibitor  is  a  hard  man  to  sell  any- 
thing to  even  at  present  prices,  but  it  might  be  done  at  some  future 
time. 

Mr.  Davidson:  I  should  like  to  ask  Mr.  Griffin  if  the  air  blast 
caused  excessive  shrinkage  of  the  film. 

Mr.  Griffin:  This  is  possible  but  in  the  case  referred  to  it  did 
not  make  any  difference  whether  the  film  buckled  or  not,  so  that  no 
experiments  were  made  to  discover  what  would  happen.  With  a 
properly  placed  blast,  I  don't  see  why  the  film  should  buckle. 

Mr.  Davidson:  I  mean  shrink,  not  buckle. 

Mr.  Griffin:  It  would  buckle  if  it  shrank.  If  the  jets  were 
properly  placed,  the  entire  film  could  be  cooled  at  the  gate.  It  could 
be  done  but  it  is  quite  expensive. 
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Mr.  F.  H.  Richardson:  I  don't  see  why  there  should  be  shrink- 
age because  the  apparatus  could  be  arranged  giving  any  desired 
humidity. 

Mr.  Kroesen:  I  happen  to  know  of  a  case  where  a  water  cell 
was  used  for  cooling  purposes,  also  a  water  cell  combined  with  a 
device  for  producing  circulation  of  the  water  in  the  cell.  Various 
other  arrangements  were  also  tried  and  finally  a  method  involving 
cooling  by  subjecting  the  film  to  an  air  blast.  This,  however,  had  to 
be  discarded  because  of  the  excessive  drying  which  takes  place  causing 
the  film  to  tear  and  crack.  They  finally  went  back  to  the  cell  contain- 
ing a  liquid  for  the  absorption  of  the  heat.  I  have  some  notes  as  to 
the  formula  used,  if  any  are  interested. 

Mr.  Griffin:  Along  the  line  of  this  discussion,  I  am  not  at 
liberty  at  the  present  time  to  divulge  what  we  are  doing,  but  we 
are  doing  something  which  will  eliminate  a  tremendous  lot  of  the 
heat  reaching  the  film  in  projection.  At  the  next  annual  meeting 
I  think  I  can  tell  you  more  about  it. 

Mr.  Manheimer:  I  don't  know  much  about  projection  machines 
but  I  think  Mr.  Jones'  paper  might  suggest  to  some  projection  machine 
manufacturers  the  use  of  a  system  of  shutters  inside  the  lamp  house 
or  near  the  condenser  by  means  of  which  the  rotating  shutters  would 
cut  off  the  light  before  it  reached  the  film  aperture.  This  arrangement 
would  reduce  the  time  period,  during  which  heat  would  be  projected 
on  the  film,  to  about  one-quarter  of  the  period  it  is  projected  at 
present. 

Dr.  Kellner:  If  you  want  to  do  something,  why  don't  you 
apply  what  I  mentioned  yesterday  and  on  Monday,  namely,  a 
condensing  system  only  allowing  light  to  go  through  the  film?  Just 
shoot  the  light  through  the  aperture  plate  and  save  it  from  heat 
ordinarily  falling  on  it. 

Dr.  Hitchins:  I  don't  know  whether  the  members  are  aware 
that  a  projector  now  in  the  laboratory  stage  will  be  introduced  shortly 
with  the  shutter  between  the  light  source  and  the  gate.  The  film 
keeps  remarkably  cool. 

I  have  used  the  air  blast  on  a  wear  and  tear  machine,  using 
refrigerated  air  carefully  applied.  It  does  not  produce  shrinkage, 
there  is  no  reason  why  it  should  as  it  tends  to  prevent  the  driving  off 
of  the  high  boiling  and  residual  solvents. 

Mr.  Holman:  I  think  Mr.  Ren  wick's  remarks  on  the  relative 
amount  of  heat  generated  in  the  emulsion  and  in  the  base  are  very 
important.  I  had  occasion  several  years  ago  to  work  on  an  entirely 
different  type  of  emulsion  and  found  that  the  time  required  to  ignite 
a  film  in  the  aperture  of  a  projector  was  materially  altered  by  the 
kind  of  emulsion  used,  and  the  thickness  of  the  coating.  I  think  Mr. 
Jones  could  get  some  very  interesting  results  by  making  further 
tests  with  uncoated  base  and  with  various  thicknesses  of  coating. 
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IMPORTANCE  OF  SYNCHRONIZING  TAKING 
AND  CAMERA  SPEEDS 

By  F.  H.  Richardson 

I  BELIEVE  we  all  will  agree  that  when  a  moving  object  has  been 
photographed  for  reproduction  as  a  motion  picture,  if  it  is  to 
appear  upon  the  screen  in  all  respects  as  the  original  object 
appeared  to  the  "eye"  of  the  camera,  the  speed  of  its  projection  must 
be  exactly  the  same  as  was  the  speed  of  its  taking — the  same  as  the 
camera  speed  when  it  was  "shot."  We  will,  I  think,  all  heartily  agree 
that  any  departure  from  perfect  synchronization  of  the  taking,  or 
camera  speed,  and  the  speed  of  reproduction,  or  projection,  must, 
and  inevitably  will  cause  the  moving  object  to  appear  differently 
upon  the  screen  than  it  appeared  to  and  was  photographed  by  the 
camera,  hence  under  such  conditions  the  spectator  cannot  and  will 
not  see  the  moving  object  as  the  camera  "saw"  it. 

We,  therefore,  conclude  that  for  best  effect  it  is  always  necessary 
that  there  be  perfect  synchronization  between  taking  and  projection 
speed,  but  this  conclusion  would,  in  some  cases,  lead  us  astray.  It 
is  a  fact  well  recognized  by  projectionists  and  theatre  managers  that 
some  isolated  scenes  may  be  considerably  improved  by  a  projection 
speed  well  in  advance  of  taking  speed.  Such  scenes  are,  for  the  most 
part,  racing  and  similar  scenes,  where  the  original  action,  while 
perfectly  natural,  still  appears  more  exciting  and  better  to  the 
theatre  audience  if  the  action  be  made  more  rapid,  provided  the 
increase  be  not  sufficient  to  make  it  appear  unnatural. 

It  is  precisely  this  point  which  makes  it  difficult  to  convince 
projectionists  and  theatre  managers  that  synchronization  of  taking 
and  projection  speeds  should  prevail.  The  instant  we  admit  that 
these  gentlemen  should  be  permitted  to  speed  up  projection  over 
taking  speed,  we  open  wide  the  gates  for  abuse,  because  it  is  then  left 
to  the  judgment  of  every  one  of  the  many  thousands  of  theatre 
managers  and  projectionists  as  to  what  scenes  should  be  over-speeded 
and  how  much  the  speed  should  be  accelerated.  A  moment  of 
thought  should  convince  you  that  this  is  a  very  serious  matter 
indeed. 

The  producer  is  presumed  to  employ  directors  and  cameramen 
of  recognized  ability,  upon  whose  judgment  we  may  depend  in  the 
matter  of  what  speed  of  action  will  produce  the  best  possible  effect. 
These  gentlemen  usually  carefully  rehearse  each  scene,  often  at  very 
large  expense,  in  order  that  the  artistic  effect  may  be  exactly  right. 
I  have  myself  often  watched  the  "shooting"  of  a  scene  with  a  sharp 
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command  to  ucut"  when  it  was  half  through  because  some  actor 
had  moved  too  fast  or  too  slowly  and  thus  marred  the  artistic  effect, 
causing  a  re-take.  I  mention  this  as  indicating  the  importance 
directors  place  on  the  matter  of  speed,  particularly  in  certain  scenes, 
or  scenes  of  a  certain  class. 

After  taking,  the  various  scenes  of  a  production  are  carefully 
scrutinized  by  other  men,  who  are  supposed  to  be  expert  in  the 
matter  of  judging  effects,  before  the  positive  prints  are  finally  made 
and  the  production  released  for  theatrical  use. 

Surely,  therefore,  we  have  the  right  to  presume  that,  except  for 
news  reels,  events  over  which  the  agents  of  the  producer  can  have  no 
control  in  the  matter  of  speed,  such  as  races  of  various  sorts,  and 
productions  where  freak  speeds  are  purposely  used,  all  moving 
objects  in  any  production  are  "shot"  at  the  speed  of  action  best 
calculated  to  produce  maximum  artistic  effect,  hence  if  the  projection 
speed  be  perfectly  synchronized  with  camera  speed,  the  action  will  be 
exactly  what  it  should  be,  and  the  production  will,  insofar  as  action 
is  concerned,  have  one  hundred  percent  value  to  all  those  who 
witness  its  reproduction  upon  a  screen. 

But  right  there  comes  the  rub.  Except  for  a  comparatively  very 
few  super  productions,  put  out  by  a  certain  producer,  which  were 
accompanied  by  a  cue  sheet  instructing  the  projectionist  at  exactly 
what  projection  speed  each  scene  should  be  run,  the  projectionist 
has  never  had  and  does  not  now  have  any  guide  to  correct  projection 
speed  except  insofar  as  he  is  able  to  judge  of  it  by  watching  the 
action  of  each  individual  scene. 

The  motion  picture  industry  has,  ever  since  its  inception,  labored 
under  the  handicap  of  having  its  finished  product  interpreted  upon 
the  screen  by  men  who  were  either  possessed  of  no  manner  of  com- 
petency entitling  them  to  undertake  so  important  a  function,  or  who 
labored  under  the  limitations  of  a  time  schedule  which  took  from 
them  all  power  to  interpret  the  action  of  the  various  scenes  correctly. 
The  abuses  in  this  direction  have  been  so  glaring  that  one  state, 
Colorado,  enacted  a  statute  forbidding  the  projection  of  any  motion 
picture  at  a  greater  rate  than  eighty  feet  of  film  per  second.  That 
law  still  is  in  force. 

To  judge  of  what  speed  of  action  will  produce  the  highest  and 
best  artistic  effect,  one  must  be  equipped  with  very  real  skill  and 
training.  Even  with  adequate  skill  and  training  it  would  very  often 
be  impossible  to  judge  of  the  best  possible  effect  until  one  had  pro- 
jected and  watched  a  scene  several  times  at  different  speeds.  That 
this  is  true  is  proven  by  the  fact  that  directors  very  often  rehearse 
scenes  several  times,  changing  the  speed  of  action  to  get  the  best 
effect. 

And  now,  gentlemen,  I  ask  you  to  consider  what  percentage  of 
motion  picture  projectionists  have  sufficient  skill  to  be  intrusted  with 
so  very  important  a  business  as  this.  I  also  ask  you  to  consider,  from 
your  own  knowledge,  what  percentage  of  projectionists  have  made, 
or  are  making  any  adequate  effort  to  train  themselves  in  the  matter  of 
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judging  action.  I  also  ask  you  to  consider  what  percentage  of  them 
are  projecting  under  the  limitations  of  an  iron-bound  time  schedule, 
which  takes  from  them  all  control  of  projection  speed. 

All  this  leads  up  to  the  fact  that  FAILURE  TO  ADOPT  SOME 
ADEQUATE  MEANS  FOR  SECURING  THE  SYNCHRONIZA- 
TION OF  CAMERA  AND  PROJECTION  SPEED  OPERATES 
TO  PLACE  THE  ENTIRE  FINISHED  PRODUCT  OF  THE 
MOTION  PICTURE  INDUSTRY  AT  THE  MERCY  OF  THE 
THEATRE  MANAGER  AND  PROJECTIONIST,  INSOFAR  AS 
HAS  TO  DO  WITH  SPEED  OF  ACTION  OF  ALL  MOVING 
OBJECTS. 

The  theatre  manager  may,  and  very  often  does  alter  the  action 
tempo  of  an  entire  production,  either  by  forcing  the  projectionist  to 
jam  through  too  much  film  in  a  given  "schedule"  time;  by  not 
supplying  enough  film  footage  to  fill  up  the  time  of  the  schedule  at 
proper  projection  speed,  or  by  direct  orders  to  the  projectionist 
to  run  at  excess  speed. 

Very  often  this  is  carried  to  an  extent  which  causes  the  action 
to  appear  ridiculous  and  farcical. 

On  the  other  hand  the  projectionist  may  sadly  mar  the  effective- 
ness of  many  scenes  by  permitting  the  projector  to  pound  along  at 
set,  unvarying  speed,  throughout  a  production  in  which  the  taking 
speed  of  scenes  varies  widely.  This  is,  in  fact,  a  very  common  source 
of  injury  to  the  artistic  effect  of  productions,  the  projectionist 
excusing  it  by  pointing  to  the  time  schedule,  which  may  or  may  not 
be  a  valid  excuse,  because  often  it  would  be  possible  for  a  projectionist 
to  gain  on  one  scene  what  might  be  lost  on  another. 

Camera  speed  is  presumed  to  be  standard — one  and  the  same 
thing  all  the  time.  Cameramen  vehemently  declare  it  to  be  so,  or 
at  least  that  the  possible  variations  are  very  slight.  On  the  other 
hand  projectionists,  to  whom  the  task  of  reproducing  the  scenes 
before  the  public  is  intrusted,  are  a  unit  in  declaring  this  to  be 
untrue. 

Many  of  our  best  projectionists  are  emphatic  in  saying  that 
taking  speed  varies  all  the  way  between  sixty  (60)  and  eighty-five 
(85)  feet  per  minute.  Personally  I  am  of  the  opinion  that  this  is 
correct,  with  the  notation  that  but  very  little  "shooting"  is  done  at 
so  low  a  speed  as  that  first  named.  The  opinion  of  competent 
projectionists  is  that  seventy-five  (75)  feet  per  minute  is  the  speed 
most  used  by  cameramen,  though  there  is  much  variation  as  between 
seventy  and  eighty. 

Whether  it  is  possible  to  adopt  and  compel  cameramen  to  use 
some  unvarying  taking  speed  I  do  not  know,  but  certainly  if  it  could 
be  done,  without  injury  in  other  directions,  it  would  operate  to 
enormously  improve  that  which  the  public  sees  upon  the  screen, 
because  we  could  then  demand  that  the  projector  be  operated  at 
standard  taking  speed,  and  would  have  a  cogent  argument  behind 
that  demand. 

When  the  producer,  who  has  expended  huge  sums  of  money  and 
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tremendous  effort  in  perfecting  a  production,  finally  looks  at  it  in  the 
finished  state  in  his  screening  room,  I  wonder  if  he  realizes  that  but 
relatively  very  few  theatre  audiences  will  ever  see  it  exactly  as  he 
has  seen  it? 

He  is  filled  with  pride  as  he  looks  upon  some  fine  bit  of  acting — 
a  death  bed  scene,  for  instance.  He  declares  it  to  be  a  marvel  of 
artistry,  and  that  it  will  "bring  tears  to  their  eyes,"  which  would 
be  quite  true  did  the  audiences  see  it  as  he  has  seen  it. 

But  the  finely  acted  scene  will  bring  no  tears  to  the  eyes  of  the 
vast  majority  of  audiences.  To  some  it  may  actually  bring  laughter, 
because  by  the  speed-em-up  process,  brought  about  for  any  one  of 
the  reasons  before  named,  the  actors  who  portrayed  the  scene  so 
artistically  before  the  camera  will  be  transformed  into  swift-moving 
travesties  on  the  original.  Instead  of  the  daughter  giving  her  dying 
mother  a  fond  embrace  and  a  loving  kiss,  she  is  made  literally  to 
grab  the  mother,  yank  her  head  up,  dab  their  lips  together  and 
scuttle  away  as  though  it  were  a  deuced  nuisance  and  she  was  glad  it 
was  over  with.  The  whole  effect  the  director  has  striven  so  hard  to 
attain  is  entirely  altered  and  utterly  ruined. 

I  have  asked  before,  and  I  again  ask,  does  the  producer  really 
take  the  slightest  interest  in  the  way  his  productions  are  placed 
before  the  public?  It  would  seem  not.  Certainly  he  well  knows 
that  they  are  literally  robbed  of  all  artistic  beauty  in  thousands  of 
theatres  every  day,  for  no  other  reason  that  failure  to  project  them 
at  camera  speed,  and  thus  duplicate  the  original  action.  For  some 
reason,  which  the  ordinary  mind  cannot  comprehend,  the  producer 
does  not  seem  to  be  in  any  way  interested  in  this  man-handling  of 
his  product,  or  if  he  is  he  does  not  make  even  the  smallest  protest. 
In  all  the  great  mass  of  printed  and  written  advertising  matter  sent 
out  by  producers,  I  have  never  seen  one  word  of  comment  on  the 
importance  of  projecting  the  picture  at  taking  speed.  In  all  the 
many  articles  in  various  trade  and  other  papers,  which  emanated 
from  the  offices  of  producers,  I  have  yet  to  find  one  single  word  of 
protest  against  the  ruinous  process  of  overspeeding,  or  a  word  of 
caution  as  to  the  importance  of  synchronization  of  taking  and 
projection  speed.  In  all  the  thousands  of  articles  sent  out  by  pro- 
ducers for  publication  in  newspapers  and  magazines,  for  general 
consumption  by  the  public,  I  have  yet  to  see  a  single  word  tending 
to  educate  the  public  to  demand  100  percent  value  for  its  money  by 
insisting  on  proper  projection  speed.  There  is  never  a  word  heard 
in  any  of  the  many  speeches  made  by  producers  and  their  representa- 
tives upon  the  importance  of  so  projecting  the  picture  that  it  will 
duplicate  the  original  scene  in  action. 

The  Projection  Department  I  have  had  the  honor  of  conducting 
in  one  of  the  trade  papers  for  twelve  years  past  has,  during  all  that 
time,  literally  battled  against  the  OUTRAGE  of  over-speeding. 
During  all  that  time  it  has  not  had  even  the  slightest  aid  or  encourage- 
ment from  any  producer  of  motion  pictures  in  this  matter,  except 
that  Wm.  V.  D.  Kelley  did  once  say  to  me:  "The  work  you  are 
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doing  in  fighting  over-speeding  is  good."  That  is  absolutely  all 
the  apparent  interest  producers  have  taken  in  my  attempt  to  suppress 
this  great  evil. 

Trade  papers  are  not  secret  affairs.  The  producers  all  know  of 
them,  and  are  not  at  all  slow  to  utilize  their  columns  to  the  full 
extent  of  their  ability  for  setting  forth  the  excellence  of  their  product, 
but  when  it  comes  to  utilizing  those  same  columns  to  tell  the  exhibitor 
how  much  finer  those  same  products  would  appear  to  the  public  if 
they  were  projected  at  proper  speed,  they  are  very  conspicuous  by 
their  silence. 

Frankly  I  am  unable  to  understand  this.  If  the  producer  does 
not  care  how  his  product  appears  before  its  buyer — the  public,  then 
why  in  the  name  of  Heaven  does  he  employ  high  grade  talent  all 
through  the  process  of  its  making,  and  guard  every  step  in  the  making 
with  utmost  care.  One  would  suppose  that  when  such  great  pains 
are  taken  to  rehearse  scenes  sometimes  a  dozen  times,  until  they 
appear  exactly  as  the  director  desires  them  to  appear,  both  the 
director  and  the  producer  would  strongly  object  to  anything  in  the 
way  of  an  almost  universal  practice  which  tends  to  change  the 
action  and  lower  the  quality  of  what  has  been  so  carefully  worked 
out,  down  to  its  smallest  detail. 

One  would  even  suppose  that  the  various  "stars,"  and  actors  of 
other  grade,  would  strongly  object  to  being  made  to  appear  before 
the  public  as  animated  jumping  jacks,  by  having  their  actions 
speeded  up  to,  in  extreme  cases,  pretty  nearly  double  what  it  realty 
was.  But  in  all  my  experience  I  have  never  known  of  any  actor,  of 
high  or  low  grade,  voicing  even  the  very  smallest  objection. 

I  once  sat  next  to  one  of  the  really  big  stars  in  a  theatre.  She  was 
watching  one  of  her  own  productions,  without  the  knowledge  of  any 
one  that  she  was  present.  The  "schedule"  was  about  right  for 
seven  reels,  but  the  projectionist  was  given  eight  reels  all  rather 
overloaded,  and  one  somewhat  less  than  loaded,  which  he  must  jam 
through  in  the  allotted  time.  The  'star'  was  made  to  move  around 
like  mad,  and  the  whole  of  her  work  was  ruined.  I  fully  expected 
her  to  be  indignant,  but  not  so.  She  merely  giggled  and  remarked: 
"Isn't  it  awful  the  way  they  run  them?"  It  did  not  seem  to  occur 
to  her  that  she  could  possibly  do  anything  to  stop  such  butchery 
of  her  work,  by  calling  the  attention  of  the  public  to  it  in  some  of  the 
many   "interviews"    printed   in   newspapers   as   coming   from   her. 

What  is  needed  is  a  campaign  on  the  part  of  producers,  stars  and 
all  those  having  influence,  to  educate  not  only  the  projectionist  and 
the  exhibitor,  but  the  public  as  well  on  the  bad  effect  of  non-syn- 
chronism of  taking  and  projection  speed.  Once  let  the  public  under- 
stand the  matter  and  the  reason  behind  the  ridiculously  fast  moving 
actors,  and  it  will  call  a  halt. 

I  am  sure  all  trade  papers  would  be  glad  to  lend  every  assistance 
possible,  and  a  few  articles  in  the  Sunday  editions  and  magazines 
on  the  subject  would  cost  nothing  but  the  effort  of  preparing  and 
presenting  them.     This  would  help  to  advise  the  public  on  the 
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injury  done  to  productions  by  the  exhibitor  and  projectionist  who 
fail  to  project  at  taking  speed,  or  approximately  so. 

The  real  solution  of  course  is  to  compel  a  really  unvarying 
standard  camera  speed,  and  then  so  construct  projectors  that  they 
will  operate  at  that  speed  only,  but  this  is,  I  fear,  impracticable. 
I  even  am  not  sure  that  it  would,  for  several  reasons,  be  desirable, 
but  surely  variations  in  camera  speed  can,  with  proper  effort,  be 
confined   within   close   limits,   and   this   would   help   very   greatly. 

In  this  connection  allow  me  to  once  more  call  your  attention  to 
the  fact  that  under  present  conditions  of  high  screen  brilliancy  in  a 
very  large  percentage  of  our  high  grade  theatres,  and  in  some  which 
are  not  high  grade,  it  is  entirely  impossible  to  snychronize  projection 
speed  with  any  camera  speed  less  than  seventy  (70)  feet  of  film  per 
minute,  and  sixty  five  (65)  is  an  absolute  minimum.  In  fact  in 
very  many  theatres  seventy  (70)  feet  is  the  minimum  projection 
speed  possible  without  flicker,  especially  on  the  lighter  (less  dense) 
scenes. 

It  is  quite  true  that  the  high  grade,  competent  projectionist,  who 
thoroughly  understands  the  optical  train  of  his  projector,  and 
how  to  get  the  best  possible  optical  balance  in  his  projector  rotating 
shutter,  can  project  at  a  considerably  lower  speed,  before  encounter- 
ing nicker,  than  can  the  incompetent  projectionist  who  has  the  same 
screen  brilliancy,  but  who  has  no  knowledge  beyond  the  mere  opera- 
tion of  the  projector  mechanism. 

However,  since  we  must  perforce  deal  with  both  classes,  it 
follows  that  until  exhibitors  wake  up  to  the  importance  of  high  grade 
skill  and  knowledge  in  their  projection  rooms,  we  must,  for  the 
best  effect,  adopt  a  taking  speed  enabling  the  low  grade  projectionist 
to  project  at  that  speed  without  flicker. 

As  the  matter  now  lies  the  projectionists  of  pretty  nearly  all 
high  grade  theatres  would  be  compelled  to  over-speed  any  production 
taken  at  the  speed  of  sixty  per  minute,  which  is  the  standard  adopted 
by  this  society,  since  at  sixty  per  minute  there  would  be  a  terrible 
flicker,  even  with  the  best  possible  condition  as  to  optical  balance 
of  the  projector  rotating  shutter.  As  a  matter  of  fact  the  screen 
brilliancy  in  some  theatres  is  such  that  productions  having  many 
light  scenes  must  be  projected  at  close  to  eighty  feet  per  minute  in 
order  to  avoid  flicker. 

You  may  therefore  see,  gentlemen,  that  while  the  standard  of 
taking  and  projection  speed  adopted  by  this  society  may  have  been 
quite  correct  when  it  was  adopted,  due  to  increased  screen  brilliancy 
it  is  now  entirely  too  low,  and  should  be  changed. 


122 


DISCUSSION 

Mr.  Palmer:  I  disagree  with  Mr.  Richardson's  attitude  on  this 
proposition.  I  don't  think  what  you  are  trying  to  produce  on  the 
screen  is  necessarily  a  duplicate  of  what  happened  before  the  camera. 
It  is  an  artistic  presentation,  and  it  is  not  necessary  that  it  should  be 
mechanically  accurate.  As  far  as  taking  speed  is  concerned,  all  that 
the  director  is  interested  in  is  to  make  the  movement  conform  with 
the  idea  which  is  being  conveyed.  As  for  instance,  in  the  case  of  a 
death-bed  scene  which  Mr.  Richardson  cited,  the  director  knows  this 
may  be  shown  at  excessive  speed  in  the  theater,  so  that  he  has  the 
camera  man  crank  fast  on  that  scene  so  that  when  the  picture  is  shown 
the  action  for  that  particular  scene  will  be  slower  than  in  the  pre- 
ceding scene,  and  that  is  the  only  effect  in  which  he  is  interested. 

Mr.  Richardson:  If  that  is  true,  then  the  speed  must  be  very, 
very  much  slower.  It  means  that  instead  of  keeping  projection  speed 
at  camera  speed  you  would  turn  over  the  whole  thing  to  men  who 
know  nothing  at  all  about  artistry  and  the  man  in  the  projector  room, 
and  the  ultimate  effect  of  this  is  ridiculous.  Do  you  mean  to  say 
such  a  thing  is  good  for  the  industry?  If  the  director  doesn't  know 
what  is  best  in  such  matters,  it  is  unfortunate,  because  I  know  of  no 
one  else  who  does.  If  you  can  educate  and  oblige  the  projectionist 
to  project  at  taking  speed,  the  resul  would  be  enormous  improve- 
ment.   I  think  the  camera  speed  can  be  promoted  reproduced  flicker. 
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RELATION  OF  OBJECTIVE  LENS  TO  THE   EFFICIENCY  OF 
THE  OPTICAL  SYSTEM 

R.  E.  Farnham 

RECENT  developments  in  condensing  lenses  for  motion  picture 
projection  embodying  the  use  of  non-spherical  surfaces  call  for 

changes  in  other  parts  of  the  optical  train  in  order  to  reap  the  full 
advantage  of  condensers  of  this  type.  Aside  from  the  aperture,  whose 
size  is  fixed,  the  other  elements  of  the  optical  system  have  been 
designed  and  positioned  to  fit  the  objective  lenses  available.  The 
assumption  has  been  that  since  any  change  in  the  design  of  the  objec- 
tive lens  involved  in  addition  to  its  relation  to  the  optical  system, 
such  factors  as  definition,  flatness  of  field,  freedom  from  chromatic 
aberration  and  distortion,  it  was  far  simpler  to  alter  the  other  ele- 
ments of  the  system,  possibly  at  a  sacrifice  of  their  own  efficiency. 

It  is  my  belief  that  we  have  reached  a  point  in  the  development 
of  the  motion  picture  optical  system  where  it  is  necessary  that 
different  objective  lenses  than  any  at  present  now  on  the  market 
be  made  available  in  order  to  derive  maximum  benefit  from  the 
condenser  lens  improvements. 

At  the  Philadelphia  meeting  of  this  society  Mr.  F.  H.  Richardson 
presented  a  paper  in  which  he  discussed  the  action  of  light  through  a 
motion  picture  optical  system.  In  this  paper  it  was  shown  how  the 
beam  of  light  after  passing  through  the  aperture,  became  divergent. 
It  will  be  seen  from  Fig.  1,  which  shows  the  path  of  a  beam  of  light 
through  a  motion  picture  optical  system  using  the  arc  as  a  source, 
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Fig.  1.     Piano  condenser-arc  optical  system.     The  beam  of  light  diverges  after 

passing  the  aperture. 


why  this  must  be  the  case.  The  condenser  is  larger  than  the  aperture, 
and  in  order  to  utilize  as  large  a  percentage  of  the  light  in  the  beam 
as  possible  the  condenser  is  so  designed  and  placed  as  to  converge 
the  light  to  the  aperture  with  the  result  that  the  rays  of  light  in  the 
beam  cross  near  the  aperture  and  produce  a  diverging  beam  of  light 
after  passing  the  aperture ;  it  follows  that  for  a  given  size  of  condenser, 
the  closer  the  spacing,  the  greater  will  be  the  divergence. 
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After  passing  the  aperture,  the  beam  of  light  enters  the  objective 
and  in  order  to  insure  the  greatest  utilization  of  the  light  and  maximum 
uniformity  of  screen  illumination  it  is  essential  that  all  of  the  light 
issuing  from  the  aperture  enter  the  objective  lens.  Where  the  throw 
is  short  and  the  focal  length  of  the  objective  lens  is  likewise  short,  a 
lens  of  comparatively  small  diameter  is  sufficient  to  intercept  the 
entire  beam  and  as  long  as  short  focal  length  lenses  were  used,  lenses 
of  small  diameter  were  satisfactory.  However,  the  tendency  of  recent 
years  has  been  to  build  theatres  of  ever  increasing  size  and  with  their 
longer  throws  longer  focal  length  lenses  have  been  used  because  the 
size  of  the  picture  is  not  increased  in  proportion  as  the  throw  is 
lengthened.  As  the  focal  length  of  the  lens  is  increased,  the  working 
distance  is  likewise  increased  and  a  point  is  very  soon  reached  where 
the  back  factor  of  the  lens  does  not  intercept  the  entire  cone  of 
light,  and  light  is  wasted;  reference  to  Fig.  2  will  illustrate  this 
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Fig.  2.     A  large  percentage  of  the  light  is  wasted  if  a  small  diameter  objective  is 
used  in  the  longer  focal  lengths. 

point.  In  this  figure,  the  shaded  area  represents  wasted  light;  and 
the  unshaded  area  the  part  of  the  cone  that  is  intercepted.  The 
obvious  solution  to  this  problem  was  to  increase  the  diameter  of  the 
No.  1  lens  or  to  keep  the  position  of  the  back  element  fixed  for  all 
focal  lengths.  A  lens  of  larger  diameter  was  produced  in  answer  to 
the  demand  for  a  unit  that  picked  up  the  entire  beam,  and  Fig.  1 
shows  how  this  larger  diameter  lens  again  intercepts  the  entire  beam. 
This  lens  is  now  known  as  the  No.  2  or  half -size.  As  the  diameter  is 
increased  for  a  given  focal  length,  it  becomes  increasingly  difficult 
to  produce  lenses  of  good  definition  and  freedom  from  distortion. 
As  a  result,  the  earlier  No.  2  lenses  gave  poorer  definition  than  the 
No.  1  or  quartersize  units.  The  optical  manufacturers  have  very 
ably  met  the  demand  for  half-size  lenses  of  higher  quality  so  that 
at  the  present  time  prejudice  against  the  use  of  the  No.  2  size  from 
the  standpoint  of  quality  has  practically  disappeared. 

The  development  of  the  incandescent  lamp  for  motion  picture 
projection  gave  added  impetus  to  the  development  of  a  satisfactory 
No.  2  size  lens.  As  Fig.  3  shows,  the  light  from  the  aperture  in  the 
incandescent  lamp-prismatic  condenser  optical  system  diverges  more 
rapidly  than  in  the  case  of  the  piano-condenser  optical  system  be- 
cause of  the  closer  spacing  of  the  elements  of  the  optical  system,  and 
the  advantages  resulting  from  the  use  of  the  No.  2  lens  are,  therefore, 
even  greater  with  the  incandescent  lamp  optical  system  than  with  that 
of  the  arc.  The  chart  of  the  Fig.  4  shows  the  increase  in  screen 
illumination  resulting  from  the  use  of  the  No.  2  lens  as  compared  to 
the  No.  1  size  for  the  prismatic  condenser  optical  system. 
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Fig.  3.     The  prismatic  condenser-incandescent  lamp  optical  system.    Note  the 
marked  divergence  of  the  beam  after  passing  the  aperture. 

The  application  of  the  MAZDA  lamp  for  motion  picture  projec- 
tion has  been  very  recently  extended  by  the  use  of  condensing  lenses 
having  aspherical  surfaces.  By  this  means  the  screen  illumination 
is  increased  20  to  60  per  cent  over  the  prismatic  condenser  depending 
on  the  focal  length  of  the  objective,  the  greater  increase  being  with 
lenses  of  shorter  focal  length. 
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Equivalent  Focus  of  Objective  (inches) 

Fig.  4.    The  relative  screen  illumination  obtainable  from  No.  1  and  No.  2  ob 

jective  lenses  using  the  prismatic  condenser-incandescent 

lamp  optical  system. 

The  function  of  the  aspheric  lens  surface  is  to  reduce  the  spherical 
aberration  of  the  condensing  system.  The  reduction  of  this  aberration 
results  in  more  accurate  control  of  the  light  passing  through  the  aper- 
ture and  we  are  permitted  to  use  a  condenser  of  higher  refractive 
power  and  closer  spacings  than  formerly,  with  the  result  that  a  beam 
of  light  issues  from  the  aperture  of  even  greater  divergence  than  in 
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the  case  of  the  prismatic  condenser.  It  has  been  pointed  out  that 
when  the  longer  focal  length  objectives  were  introduced  into  the  arc 
lamp  system,  it  was  necessary  in  order  to  minimize  waste  and  to 
improve  the  uniformity  of  screen  illumination  to  use  lenses  which 
would  intercept  a  larger  proportion  of  the  available  light.  A  similar 
condition  now  exists  with  the  incandescent  lamp  optical  system  when 
the  aspheric  condensers  are  used.  Fig.  5  shows  the  beam  of  light 
issuing  from  the  aperture  of  such  an  incandescent  lamp  optical  system 
and  how  the  No.  2  lens  does  not  intercept  all  of  the  light  in  the  focal 
lengths  above  5J^  inches.  Here  again  the  solution  of  this  problem 
maj''  be  arrived  at  either  by  increasing  the  diameter  of  the  lens,  or  by 
keeping  the  distance  between  the  back  element  and  the  aperture 
constant  and  making  the  lens  of  such  diameter  that  the  entire  beam  is 
intercepted.  The  latter  solution  hinges,  of  course,  upon  the  practica- 
bility of  obtaining  high  efficiency  in  a  lens  of  this  design. 

If  it  were  found  more  desirable  from  other  considerations  to 
increase  the  diameter  of  the  lens  to  compensate  for  the  increased 
working  distance,  it  would  be  necessary,  for  maximum  defining  power, 
to  have  available  a  series  of  lenses  of  a  different  diameter  for  each 
focal  length  in  order  to  have  a  lens  of  maximum  intercepting  power 
for  every  focal  length.  As  it  is  at  present,  the  No.  1  lens  gives  excellent 
results  when  used  at  the  short  focal  lengths.  As  the  focal  length 
increases,  however,  the  screen  illumination  falls  off  rapidly.  At 
5-5)^  inches  focal  length,  the  No.  2  lens  becomes  available  and  high 
screen  illumination  is  again  obtainable.  However,  the  exhibitor  whose 
picture  size  and  throw  make  necessary  the  use  of  a  lens  of  4%  inches 
focal  length  has  no  choice  but  to  use  the  No.  1  lens,  which,  in  this  focal 
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Fig.  5.    With  the  aspheric  condenser-incandescent  lamp  optical  system  light  is 
wasted  when  objective  lenses  of  focal  lengths  greater  than 
53^2  inches  are  used. 

length,  provides  only  slightly  more  than  half  the  illumination  obtain- 
able from  a  No.  2  lens  of  5-53^  inches  focal  length.  Similarly,  if  a 
third  size  of  lens  were  manufactured  of  such  diameter  that  the 
shortest  focal  length  in  which  it  could  be  obtained  were,  say  IY2  inches, 
those  users  requiring  an  objective  lens  of  focal  lengths  above  b%  and 
below  IY2  inches  would  be  greatly  handicapped.  A  very  large  propor- 
tion of  the  larger  theatres  use  lenses  whose  focal  lengths  lie  between 
53^  and  IY2  inches. 

The  second  of  the  proposed  solutions  seems  more  desirable 
since  the  difficulties  encountered  in  designing  lenses  of  satisfactory 
optical  properties  for  small  ratio  of  focal  length  to  free  aperture  are 
very  great.     A  lens  of  practically  constant  back  working  distance 
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for  different  equivalent  focal  lengths  can  be  designed  by  increasing 
the  spacing  of  the  lenses  composing  the  objective  or  by  the  introduc- 
tion of  a  third  lens  between  these  two  or  by  a  combination  of  these 
two  methods.  The  introduction  of  a  single  third  element  would 
decrease  the  transmission  efficiency  of  the  objective  by  about  ten  per 
cent  due  to  reflection  and  absorption  of  light  by  the  added  element, 
but  this  alone  would  not  be  serious  when  compared  to  the  great 
increase  obtained  from  its  use.  A  lens  of  moderate  diameter  has  a 
further  advantage  that  a  shutter  of  higher  transmission  can  be  used 
with  a  lens  of  small  diameter  than  with  one  of  large  diameter. 

The  chart  of  Fig.  6  shows  the  predicted  screen  illumination  ob- 
tainable with  a  lens  of  maximum  light  intercepting  ability  for  all  focal 
lengths  over  the  lenses  at  present  available  for  an  optical  system 
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Fig.  6.    The  relative  screen   illumination   obtainable  from  No.  1  and  No.  2 

objective  lenses  using  the  aspheric  condenser-incandescent  lamp 

optical  system  and  predicted  values  for  improved  lenses. 

using  the  aspheric  condenser  and  incandescent  lamp.  No  matter 
which  solution  the  lens  manufacturers  find  to  be  most  practicable, 
the  result  will  be  a  very  substantial  increase  in  screen  illumination. 
If  lenses  of  larger  diameters  are  the  outcome,  the  results  are  indicated 
by  the  dots  along  curve  "C";  if  lenses  of  constant  light  intercepting 
power  are  made  available,  the  screen  illuminations  obtained  are 
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indicated  by  the  entire  length  of  curve  "C";  the  resulting  increases 
in  screen  illumination  may  be  as  high  as  70  per  cent. 

Examination  of  the  standard  projectors  now  on  the  market  shows 
that  they  may  be  adapted  to  use  a  larger  diameter  lens  of  long  focal 
length  with  onfy  very  slight  restriction  of  the  beam,  by  simple 
modification  of  the  lens  holding  parts. 

An  especially  gratifying  result  of  such  an  improvement  is  that 
the  remarkable  increase  in  screen  illumination  will  be  obtainable 
without  the  expenditure  of  a  single  extra  watt  or  without  the  addition 
of  any  element  which  involves  continuous  expense  for  replacement. 
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DISCUSSION 

Mk.  Richardson:  You  will  remember  that  I  have  been  pester- 
ing you  with  this  matter  for  years,  and  have  found  the  task  of  con- 
vincing you  to  be  slow  work.  If  you  place  a  metal  plate  with  a  pin 
hole  in  it  over  the  projector  aperture,  you  will  find  a  cone  of  light  to 
be  projected  on  the  projection  lens  side,  the  size  or  angle  of  which 
will  be  narrow  or  wide  according  to  the  distance  from  the  face  of  the 
converging  lens  to  the  aperture.  This,  you  will  readily  understand, 
means  that  a  similar  cone  of  light  goes  forward  toward  the  projection, 
lens  from  every  pin  point  of  the  film  photograph. 

If  the  pin  hole  be  in  the  center  of  the  plate,  you  will  probably 
find  that  the  base  of  the  cone  is  smaller  than  the  free  diameter  of  the 
rear  component  of  the  projection  lens.  This  means  that  the  light 
from  that  point  of  the  film  all  enters  the  projection  lens  and  is  passed 
through  to  the  screen,  hence  the  center  of  the  film  photograph  is 
illuminated  at  100  per  cent  value  at  the  screen. 

If,  however,  we  drill  a  similar  hole  in  the  plate  at  one  corner, 
or  at  one  side  or  the  top  or  bottom  of  the  aperture,  we  may  find  that 
the  base  of  the  resultant  cone  of  light  overlaps  the  projection  lens, 
and  the  light  therefore  falls  partially  outside  the  lens;  therefore,  the 
point  of  the  film  photograph  corresponding  in  position  to  the  pin 
hole  will  not  have  100  per  cent  illumination  at  the  screen.  In  other 
words,  there  will  be  unevenness  of  illumination  of  the  screen  image, 
loss  of  light,  and — I  don't  myself  understand  why  this  is — loss  of 
depth  of  perspective  in  the  picture. 

Another  point  which  is  overlooked  is  that  where  there  is  a  large 
projection  lens  free  diameter  and  a  steep  angle  of  projection  it  is 
impossible  to  get  a  sharp  definition  at  both  top  and  bottom  of  the 
screen,  hence  the  lens  diameter  must  be  stopped  down. 

Still  another  point  is  that  a  large  lens  diameter  calls  for  increased 
width  of  rotating  shutter  master  blade,  with  reduced  screen  illumina- 
tion and  increases  flicker  tendency.  You  will,  therefore,  see  that 
while  all  that  has  been  said  may  be  entirely  correct,  still  there  are 
other  elements  entering  into  the  matter. 

In  concluding  my  remarks,  I  would  like  to  ask  the  lens  men 
why  it  is  not  possible  to  add  a  thin  lens  to  the  system,  located  near 
the  projector  aperture,  which  will  parallel,  or  nearly  parallel  the 
beam  beyond  the  aperture:  I  have  myself  seen  this  done.  The 
trouble  seemed  to  be  that  the  excessive  heat  of  the  spot  broke  the 
lens  almost  at  once.  Why  would  it  not  be  possible  to  place  such  a 
lens  on  the  projection  lens  side  of  the  aperture  where  it  would  in  a 
measure  be  protected  from  the  heat.    If  this  could  be  done  it  would 
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be  entirely  possible  to  use  a  small  diameter  projection  lens,  stop 
light  loss,  get  even  screen  illumination  and  a  sharp  definition  all  over 
the  screen,  besides  increasing  the  depth  of  perspective  of  the  screen 
image  and  reducing  nicker  tendency  by  a  reduction  of  rotating 
shutter  master  blade  width. 

Dr.  Kellner:  I  think  I  have  explained  once  before  on  a  similar 
occasion  why  this  cannot  be  done.  The  insertion  of  a  lens  near  the 
film  gate  for  the  purpose  of  parallelizing  the  beam  will  bring  no 
advantage  because  what  may  be  gained  by  saving  some  light  from 
a  central  part  of  the  light  source  will  certainly  be  lost  by  the  greater 
divergence  of  the  parallel  beams  coming  from  the  marginal  parts  of 
the  light  source. 

Incidentally,  I  think  that  Mr.  Farnham's  first  slide  is  not  quite 
correctly  drawn.  The  marginal  rays  from  the  condenser  come  to 
focus  near  the  film  gate  rather  towards  the  projection  lens  than 
between  film  gate  and  condenser  and  certainly  not  as  near  the  con- 
denser as  Mr.  Farnham  has  shown  it.  This  point  has  also  been 
discussed  before  the  society  on  numerous  occasions  and  it  seems  ]to 
be  hard  to  establish  the  simple  facts.  With  an  uncorrected  condenser 
the  light  going  through  its  central  zone  focuses  in  or  beyond  the 
objective,  while  the  zones  nearer  the  margin  of  the  condenser  focus 
the  light  source  near  the  film  gate  and  the  extreme  marginal  rays 
focus  in  or  very  near  the  film  gate.  When  a  spherically  corrected 
condenser  is  employed  central,  marginal,  and  intermediate  zones  of 
the  condenser  focus  the  light  source  into  the  projection  lens.  I  am 
glad  to  say  that  Mr.  John  Griffith,  upon  whose  judgment  Mr.  Richard- 
son depends  so  strongly,  agrees  with  me  entirely  on  the  subject  and 
I  am  afraid  that  Mr.  Farnham  will  have  to  correct  his  slide. 

Regarding  Mr.  Farnham's  principal  subject:  It  is  obvious  that 
the  rear  aperture  of  the  lens  should  be  always  large  enough  to  receive 
all  the  light  from  the  condenser  which  is  passed  by  the  film  gate. 
This  means  in  some  cases  an  increase  in  the  diameter  of  the  projection 
lens  beyond  the  limits  of  aperture  ratio  which  will  permit  a  satis- 
factory image  quality  on  the  screen.  Any  addition  of  new  diameters 
of  lenses  over  the  present  standards  is  bound  to  make  the  lenses  more 
expensive.  It  is  quite  difficult,  according  to  our  experience,  to  con- 
vince the  user  of  the  advantage  of  a  few  per  cent  increase  in  light. 

The  Sabo  lens  was  an  attempt  to  collect  some  of  the  lost  light 
by  shortening  the  back  focus.  Similar  designs  were  suggested  by 
others.  In  some  of  the  constructions  the  greater  part  of  the  light 
entering  the  lens  is  lost  because,  although  it  is  inserted  in  a  place 
where  the  section  through  the  cone  is  smaller,  the  divergence  is  so 
great  that  the  light  strikes  the  inside  of  the  lens  barrel  in  spite  of  the 
fact  that  there  is  some  converging  action  in  the  back  lens. 

All  of  these  gains  are  small,  particularly  when  an  extended 
light  source  is  used  in  comparison  with  the  gain  by  use  of  the  relay 
condenser  where  the  75  per  cent  which  ordinarily  the  film  gate  inter- 
cepts is  made  useful  for  projection. 

I  would  like  to  persuade  Mr.   Farnham  to  use   "Equivalent 
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Focal  Length"  (E.F.)  or  at  least  "focal  length"  instead  of  "equivalent 
focus,"  since  "focus"  is  a  point,  which  is  not  what  he  means. 

Mr.  Farnham:  In  connection  with  the  first  slide,  I  believe 
you  will  find  many  arcs  adjusted  so  that  the  crossing  point  of  the 
outside  rays  occurs  to  the  rear  of  the  aperture.  The  crossing  point 
of  the  inner  rays  of  the  cone  would  be  beyond  the  aperture. 

We  have  made  tests  of  objective  lenses  which  have  very  short 
back  working  distances  and  they  gave  a  marked  increase  in  screen 
illumination  in  the  shorter  focal  lengths,  but  this  development  has 
not  been  carried  far  enough.  If  the  manufacturers  could  produce 
the  same  type  of  lens  in  focal  lengths  greater  than  5}^  inches  with  the 
same  light  intercepting  power  as  the  shorter  focal  length  lenses,  it 
would  be  fine. 

Mr.  Richardson:  With  regard  to  the  crossing  point,  there  is 
some  misunderstanding,  because  I  have  been  in  intimate  contact 
with  Mr.  Griffith  for  many  years,  and  he  has  never  contended  but 
that  this  distance  will  be  three  or  four  inches  long.  Mr.  Griffith 
has  done  much  more  than  anyone  else  to  make  practical  information 
available  to  the  man  in  the  projection  room  and  he  has  thus  benefited 
millions  of  people,  enabling  them  to  see  a  better  picture. 
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CAN  THE  EFFICIENCY  OF  THE  PRESENT  CONDENSING 
SYSTEMS  BE  INCREASED? 

By  Hermann  Kellner 

AN  optical  instrument  will  work  with  highest  possible  efficiency 
when  each  of  the  optical  and  mechanical  components  themselves 
are  of  the  efficiency  required  for  the  case  and  so  co-ordinated 
that  their  functions  do  not  interfere. 

Such  results  are  only  possible  in  well  organized  shops  where  the 
optical  and  mechanical  designing  is  done  under  the  same  roof  and 
co-operation  between  the  two  is  assured  and  it  is  by  such  co-operation 
that  so  many  modern  optical  instruments  perform  as  perfectly  as 
they  do. 

All  this  must  seem  quite  obvious  to  any  engineer  but  is  not  so 
long  ago  that  the  manufacturer  of  projection  machines  would  come 
to  the  optical  engineer — not  for  advice — but  for  an  optical  system 
which  had  to  be  adapted,  with  such  success  as  was  possible,  to  a 
mechanical  arrangement  completely  worked  out  and  often  in  work  in 
the  factory.  Some  of  the  present  limitations  in  the  projection 
machines  are  still  traceable  to  lack  of  co-operation  during  the  early 
stages  of  the  art. 

An  example  of  judicious  co-ordination  of  electrical  and  optical 
effort  may  be  found  in  the  recent  re-introduction  of  reflectors  into 
projection  apparatus  and  particularly  in  the  motion  picture  projector. 
The  ordinary  arc  lamp  with  the  usual  crater  position,  whose  intensity 
distribution  curve  is  shown  in  figure  1  has  a  useful  angle  of  radiation  of 
70  degrees  or  more  of  which  60  degrees  are  utilized  by  the  condenser. 

n<s  i 


CONOENSOR. 


133 


Any  attempt  to  utilize  all  the  radiation  from  the  crater  by  either 
increasing  the  diameter  of  the  condenser  or  bringing  it  nearer  to  the 
arc  is  frustrated  by  the  mechanical  arrangement  of  the  lower  carbon 
holder  and  by  the  heat  from  the  arc  which  sets  a  limit  for  the  mini- 
mum distance  between  condenser  and  arc  even  if  a  reduction  were 
otherwise  possible. 

Figure  2a  shows  another  arrangement  of  the  carbons  in  which  the 
mechanical  impediments  are  removed  and  which  will  permit  the  arc 
to  give  off  radiation  under  a  greater  solid  angle  than  an  ordinary  con- 
denser will  be  able  to  receive.  An  aspheric  condenser  may  be  used 
but  it  is  limited  to  an  angular  aperture  of  110  degrees  and  would  have 
to  be  made  rather  large  to  avoid  impractical  closeness  to  the  light 
source.  Here,  as  well  as  in  the  example  shown  in  Fig.  2b,  where  the 
reflector  is  pierced  in  the  center  to  allow  the  negative  carbon  to  slide 
through,  the  reflector  will  be  of  value  because  of  its  ability  to  gather 
over  120  degrees  of  solid  angle  from  the  source  which  means  an 
increase  in  light  gathering  power  of  about  200  percent.  This  increase, 
though,  is  not  the  same  for  all  sizes  of  light  sources.  In  estimating 
increases  of  illumination  by  increased  size  of  condenser  it  must  not  be 
forgotten  that  a  larger  condenser  or  mirror  means  a  larger  spot  and 
the  increase  in  screen  illumination  is  not  simply  proportional  to  the 
increase  in  angle,  in  fact,  beyond  a  certain  limit  increase  in  angle  is 
absolutely  useless.  The  same  is  true  of  increase  in  the  size  of  the 
light  source.  It  may  also  be  mentioned  here  again  that  no  change  in 
the  size  of  the  light  source  can  be  made  without  considering  the 
aperture  of  the  objective  and  that  a  condenser  system  which  will 
show  a  gain  of  light  with  an  objective  of  a  certain  focal  length  may 
not  do  so  with  another. 

fig  a 
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The  question  was  then  raised  whether  the  mirror  would  be  useful 
and  offer  the  same  improvement  in  combination  with  a  mazda  lamp. 
Figure  3  shows  the  intensity  (distribution)  curve  of  a  flat  filament 
mazda  lamp.  This  lamp  radiates  symmetrically  in  two  opposite 
directions  the  same  amount  of  light.  One-half  of  this  is  utilized  by 
the  aspheric  condenser  while  the  other  half  is  intercepted  by  a  spheri- 
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cal  mirror  and  imaged  side  by  side  with  the  coils  of  the  filament  so 
that  coils  and  images  of  coils  alternate  and  send  forward  into  the  con- 
denser practically  the  whole  of  the  radiation  available  from  the  light 
source. 


Fig  3 


KEFLXCTOR 


ASPHELRIO  CONDENSOR. 


Now,  in  view  of  these  facts,  can  the  parabolic  mirror  be  used  to 
advantage  with  the  mazda  lamp  and  can  we  hope  to  replace  the 
present  combination  of  aspheric  condenser  with  spherical  mirror  by  a 
parabolic  mirror?  The  answer  is  very  simple:  The  parabolic  mirror 
will  receive  an  angle  of  radiation  of  about  120  degrees  from  one  side 
of  the  filament  while  the  aspheric  condenser  will  take  in  110  degrees 
from  one  side  and  another  110  degrees  from  the  other  side  of  the  fila- 
ment which  are  gathered  and  reflected  into  the  condenser  by  the 
spherical  mirror.  Although  the  total  effect  is  not  equivalent  to 
twice  110  degrees,  the  efficiency  of  this  combination  is  far  greater  than 
that  of  a  parabolic  mirror  not  to  mention  the  mechanical  difficulties 
which  the  latter  offers  in  interference  of  the  lamp  bulb,  etc. 
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I  have  pointed  out  on  numerous  occasions  the  great  loss  of  light 
which  is  caused  by  the  fact  that  of  all  the  light  that  leaves  the  con- 
denser only  25  percent  goes  through  the  film  gate  while  the  other  75 
percent  is  serving  to  heat  up  the  machinery  around  the  film  gate 
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as  illustrated  by  Fig.  4a.  This  loss  is  the  greater  the  more  extended  the 
light  source  is.  There  is  a  possibility  of  reducing  this  loss  by  the  use 
of  a  somewhat  more  complicated  optical  system  which  was 
patented  to  A.  Koehler  of  the  Zeiss  Works  some  8  years  ago.  The 
added  complication  is,  however,  by  far  outweighed  by  the  gain  of 
illumination  and  by  preventing  any  rays  that  are  not  useful  for  pro- 
jection from  falling  upon  the  film  gate.  A  further  advantage  lies  in 
the  evenness  of  the  illumination  of  the  film  gate  which  is  less  dependent 
on  adjustments  than  the  older  arrangement.  The  set-up  is  after  all 
fairly  simple.  L,  see  Fig.  5,  is  the  light  source  which  is  imaged  at  Lx 
by  a  condenser  C±  of  as  great  an  angular  aperture  as  possible.  In  Li 
is  placed  another  condenser  lens  C%  which  images  the  illuminated  area 
of  C\  upon  the  film  gate.  Near  the  film  gate  is  placed  a  third  conden- 
ser C3  which  projects  the  image  of  the  light  source  at  Lx  into  the 
projection  lens  P  and  L2. 


FiCn    5" 

ReTLAY  CONDCNSUie 


Conjugate  imases  Are  connected  by  ^rackets 


Because  the  image  of  the  light  source  and  the  apertures  of  the 
several  condensers  are  imaged  more  than  once  in  succession  we  have 
named  the  arrangement  Relay  Condenser.  The  condenser  C  should 
gather  as  much  light  as  possible.  Lenses  with  spherical  surfaces 
would  receive  a  sufficiently  large  solid  angle  of  radiation,  there- 
fore we  are  forced  to  make  use  of  aspheric  lenses.  Its  evenly 
illuminated  surface  is  projected  by  C2  upon  the  film  gate.  Condenser 
C<l  must  be  large  enough  to  receive  the  image  of  the  light  source.  Its 
focal  length  and  position  must  be  such  that  the  circumference  of  the 
image  of  Ci  falls  just  outside  of  the  four  corners  of  the  film  gate.  All 
the  light  lost  will  be  in  the  four  segments  of  the  condenser  image 
around  the  film  gate  and  although  this  light  cannot  be  saved  it  can  be 
prevented  from  falling  on  the  aperture  plate  by  placing  an  oblong  dia- 
phragm over  the  aperture  of  condenser  C\  of  such  size  that  its  reduced 
image  just  covers  the  aperture.  The  conditions  that  the  image  of  the 
light  source  should  just  go  through  the  projection  lens  and  that  the 


image  of  Ci  be  just  slightly  larger  than  the  film  gate  lead  to  the  con- 
clusion that  our  present  light  sources  are  too  large  for  the  aperture  of 
our  available  lenses.  A  6  inch  (150  mm)  E.  F.  lens  of  2.5  inch  (62  mm) 
diameter  will  not  utilize  more  than  } 4  of  the  area  of  a  900  watt  mazda 
filament  lamp. 

In  other  words,  a  light  source  of  ^2  of  trie-  area  will  with  this 
arrangement  furnish  the  same  illumination  on  the  screen  as  the  large 
present  light  source  in  combination  with  the  present  set-up  with 
aspheric  condensers  and  large  spot  at  the  aperture  plate.  Yet, 
because  of  the  elimination  of  loss  at  the  aperture  plate  this  smaller 
light  source  will  produce  just  as  much  screen  illumination  as  the 
900  watt  mazda  lamp  with  the  present  aspheric  condenser  set-up,  a 
saving  in  running  expenses  which  can  be  easily  expressed  in  dollars 
and  cents.  See  Figs.  4a  and  4b  which  show  the  size  of  spot  with  the 
900  watt  mazda  and  aspheric  condenser  against  the  spot  with  a  relay 
condenser  both  giving  the  same  illumination  on  the  screen. 

I  append  here  a  table  which  gives  for  several  light  sources  in 
combination  with  different  condensers  the  illumination  on  the  screen 
compared  with  the  900  watt  mazda  lamp  and  aspheric  condenser  with 
mirror  as  standard.  Also  the  number  of  watts  drawn  from  the  line 
and  the  number  of  watts  utilized.  The  difference  between  the  last 
columns  is  caused  by  transformers,  rheostats,  motor  generators,  etc. 
Although  these  figures  are  approximations,  they  are  backed  by 
measurements  sufficiently  correct  to  show  that  a  combination  may  be 
much  less  efficient  from  the  electrical  standpoint  than  from  the  optical 
standpoint.  It  seems  hard  to  surpass  the  425  watt  mazda  lamp  with 
relay  condenser. 


III.  on 

Draws  from 

Light  Source 

Condenser 

Screen 

line 

Utilizes 

900  Watt  Mazda 

Aspheric  Cond. 

1.00 

1000  Watts 

900  Wats 

425  Watt  Mazda 

Relay  Cond. 

0.85 

450  Watts 

425  Watts 

15  Amp.  Arc 

Mirror 

1.25 

1650  Watts 

750  Watts 

15  Amp.  Arc 

Relay 

1.30-1.40 

1650  Watts 

750  Watts 

15-25   Amp.    Arc 

with  Motor  Gener 

ator 


Mirror 


1.25 


1250-1850  Watts   750-1250  Watts 


A  500  watt  mazda  lamp  with  relay  condenser  would  equal  the 
performance  of  the  900  watt  lamp  with  aspheric  condenser. 

The  following  translation  from  a  German  trade  journal  may  be 
of  interest  because  it  gives  a  picture  of  certain  working  conditions  and 
points  of  view  in  Germany.  The  article  from  which  it  was  taken  deals 
with  the  comparison  between  condenser  and  reflector  lamps. 

"The  illumination  in  a  number  of  theatres  which  use  the  older 
type  of  arc  lamps  amounts  to  50  lux  with  arrested  shutter.  This 
illumination  can  be  increased  several  fold  with  reflector  lamps  but 
we  may  assume  that  a  screen  intensity  of  100  lux  will  be  sufficient  in 
all  cases.  The  amperage  depends  of  course  on  the  kind  of  lamp,  the 
illumination  required  and  the  optical  arrangement.  Numerous 
measurements  gave  the  following  results: 
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1.  A  good  triple  condenser  is  immensely  superior  to  the  double 
condenser  because  of  the  better  utilization  of  the  current.  Projection 
in  larger  theatres  cannot  be  acomplished  with  such  satisfaction  with 
the  ordinary  double  condensers. 

2.  The  reflector  lamp  is  superior  to  the  triple  condenser. 

3.  The  reflector  lamp  with  condenser  is  superior  to  the  one  with- 
out condenser. 

4.  With  low  amperage  the  efficiency  of  the  mirror  is  proportion- 
ate to  the  quantity  of  current.  With  higher  currents  mirrors  of  from 
75  to  110  mm  E.  F.  and  200  mm  aperture  are  equivalent. 

5.  Objectives  of  52.5  mm  diameter  are  enormously  superior  to 
objectives  of  42.5  mm. 

The  temperatures  at  the  film  gate  do  not  differ  very  much  in  the 
various  lamps  compared.  It  was  found  that  with  equal  illumination 
the  film  gate  temperatures  are  the  same  whether  reflector  lamp  with 
condenser  or  an  old  style  condenser  lamp  is  used.  The  temperatures 
with  reflector  lamps  that  use  no  condenser  are  about  1  percent  higher. 
Metal  mirrors  gave  a  still  higher  temperature.  It  may  be  stated  in 
general  that  for  the  same  illuminating  arrangement  the  temperature 
in  the  gate  is  directly  proportionate  to  the  illumination." 

Some  of  these  statements  seem  amusing  in  view  of  facts,  particu- 
larly the  reference  to  double  and  triple  condensers.  The  reflector 
lamp  with  condenser  mentioned  has  an  additional  condenser  lens 
combined  with  a  parabolic  mirror.  The  failure  to  increase  the  effi- 
ciency with  larger  mirrors  by  increasing  the  current  is  of  course  easily 
explained  by  the  increase  of  the  spot  and  the  fact  that  beyond  a 
certain  size  of  condenser  and  light  source  the  screen  illumination  is  not 
benefited  by  any  increase  in  either  of  the  two  directions. 

Scientific  Bureau, 

Bausch  and  Lomb  Optical  Co., 

Buffalo,  N.  Y. 
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DISCUSSION 

Mr.  Richardson:  We  experimented,  seven  or  eight  years  ago, 
in  a  crude  way,  of  course,  not  having  the  facilities  you  have,  in  putting 
a  lens  at  the  aperture.  We  got  excellent  results,  but  we  could  not 
maintain  a  lens  there  due  to  heat  breakage,  but  while  a  lens  lasted 
we  were  able  to  obtain  fairly  good  parallelism  in  the  beam.  Would  it 
not  be  possible — I  am  exposing  my  ignorance  here — to  have  a  lens 
here  (pointing)  which  would  parallel  the  beam? 

Dr.  Kellner:  The  film  gate  is  always  evenly  illuminated,  even 
if  half  the  light  source  is  cut  off. 

Mr.  Richardson:  If  you  don't  pick  up  the  entire  beam,  the 
edges  will  be  left  under-illuminated. 

Dr.  Kellner:  No,  it  will  not  affect  the  evenness  of  the  illumina- 
tion in  the  film  gate  at  all.  That  is  just  the  advantage  of  this  arrange- 
ment. 

Mr.  Richardson:  One  other  thing:  You  failed  to  call  attention 
in  the  paper  when  dealing  with  the  efficiency  of  the  new  lamp  that 
you  got  rid  of  the  absorption  in  the  condenser  itself.  I  have  had  this 
measured  many  times —  by  the  Westinghouse  Company,  the  General 
Electric  Company — and  all  the  measurements  show  the  absorption 
in  the  condenser  to  be  very  great. 

Dr.  Kellner:  The  loss  by  absorption  is  not  such  a  great  factor 
if  good  white  glass  is  used  in  the  condensers.  As  stated  before  on 
several  occasions,  there  is  in  the  two  lens  condenser  a  loss  of  4  per  cent 
on  each  of  the  four  surfaces  and  in  addition  a  loss  of  a  few  percent  in 
the  glass  by  absorption.  In  the  mirror  the  loss  at  the  silvered  surface 
amounts  to  6  to  10  percent  and  to  twice  4  per  cent  on  the  outer  surface 
of  the  mirror  for  the  light  coming  and  going.  Any  difference  in  per- 
formance between  mirrors  and  lenses  on  the  screen  is  not  caused  as 
much  by  the  difference  in  absorption  and  reflection  losses  as  by  the 
difference  in  angular  aperture. 

Mr.  Summers:  I  should  like  to  ask  Dr.  Kellner  regarding  the  dis- 
tances between  these  lenses  nearest  the  aperture.  Is  this  sufficient 
so  that  the  projectionist  can  easily  thread  his  film?  How  can  you 
keep  the  heat  away  sufficiently  to  prevent  breakage? 

Dr.  Kellner:  It  seems  peculiar,  but  the  lenses  did  not  break. 

Mr.  Summers:  How  great  is  the  distance? 

Dr.  Kellner:  The  projection  lens  has  an  E.  F.  of  6  inches.  The 
distance  from  the  lamp  to  the  film  gate  is  about  15  inches.  The  total 
length  is  not  much  greater  than  that  of  the  carbon  arc  reflector  lamps. 

Mr.  Summers:  Can  the  lens  near  the  film  gate  and  the  lens 
between  this  and  the  large  lens  near  the  light  source  be  arranged  so 
that  they  would  not  be  in  the  way  of  the  operator? 
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Dr.  Kellner:  Yes,  it  would  not  be  difficult  to  do  this. 

Mr.  Capstaff:  Dr.  Kellner's  paper  is  extremely  interesting  to 
me  because  we  seem  to  be  working  along  similar  lines.  This  relay 
system  was  set  up  in  the  laboratory,  and  what  Dr.  Kellner  says 
about  the  efficiency  of  it  I  should  like  to  confirm.  It  is  very  high 
indeed.  The  difficulty  in  using  the  small  wattage  lamps  is  in  getting 
the  efficiency  of  the  primary  condenser  great  enough  providing  you 
can  get  the  relative  aperture  great  enough  so  that  you  could  work 
with  very  small  area  light  sources.  It  comes  to  this:  that  the  smaller 
the  F-value  of  the  primary  condensers,  the  larger  the  light  source 
must  be.  The  remarkable  fact  struck  me  that  you  could  concentrate 
the  beam  on  the  small  lens  behind  the  film  and  not  crack  the  lens.  It 
must  be  because  it  is  small  and  thin. 

Mr.  Richardson:  There  is  one  other  item:  As  you  increase  the 
diameter  of  your  projection  lens  you  must  increase  the  width  of  the 
master  blade  of  your  shutter. 
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THE  COST  ELEMENTS  OF  A  MOTION  PICTURE 

By  Douglas  Brown,  S.  M.  P.  E. 

THERE  is  a  difference  between  motion  picture  money  and  other 
money.    Persons  in  respectable  occupations  insist  upon  dealing 

with  the  industry  on  a  "strictly  cash"  basis.  They  seem  to  think 
we  shall  all  be  splashed  when  the  " bubble"  bursts.  The  studio  with 
its  shadowy,  fabulous  millions  appears  to  them  a  fiction  of  publicity 
men. 

It  is  no  fiction.  Art  is  a  profitable  product  in  steady  demand, 
and  a  good  studio  turns  it  out,  year  after  year.  Each  big  picture 
requires  a  capital  investment  running  into  six  figures,  and  it  is  sold 
for  what  it  seems  to  be  worth.  Some  feature  pictures  are  not  worth 
what  they  cost,  but  most  are  worth  a  good  deal  more,  and  big  studios 
are  much  more  likely  to  show  a  neat  profit  at  the  year's  end  than  are 
publishing  houses. 

A  studio  is  very  similar  to  a  publishing  house.  It  seldom  origi- 
nates a  story,  it  merely  puts  a  purchased  story  into  such  form  that  it 
will  reach  the  paying  public. 

It  is  an  axiom  of  showmen  that  a  good  story  packs  the  house. 
The  first  important  step  then  is  the  selection  and  purchase  of  such  a 
story.  The  picture  rights  to  a  popular  novel  or  play  may  be  had  for 
thirty  thousand  dollars  or  so.  The  studio  should  be  able  to  turn  this 
into  a  feature  picture  worth  more  than  three  hundred  thousand  dol- 
lars. The  audience  will  come  to  the  picture  for  an  emotional  experi- 
ence. The  quality  which  gratifies  this  desire  of  the  audience  may 
be  called  pace.  A  picture  has  ideal  pace  if  the  rate  of  change  of 
sensuous  feeling  during  the  entire  time  of  showing  constantly  delights 
the  audience.  Pace  is  what  the  exhibitor  sells,  and  every  element 
of  pace  but  its  backbone,  the  story,  is  made  in  the  studio. 

Diagrams  are  dangerously  easy  to  make,  and  such  imponderable 
things  can  hardly  be  expressed  graphically  but  here  is  an  attempt  to 
chart  the  elements  of  pace  (See  Chart). 

Most  good  stories  have  two  moments  at  least  of  very  intense 
interest  that  will  pull  an  audience  out  to  the  edges  of  their  chairs. 
When  they  are  shown  how  impossibly  difficult  is  the  life  problem  of 
the  heroine,  and  when  this  nemesis  is  at  last  destroyed,  or  destroys 
her.  In  the  completed  picture  a  dozen  other  sorts  of  interest  are 
superimposed  upon  this  plot  which  is  worth  every  dollar  of  the 
thirty  thousand  or  so  paid  for  it,  if  it  is  the  sort  of  story  that  can  be 
rendered  into  pantomime. 

The  studio  scenario  writer,  who  renders  the  plot  into  pantomime, 
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Photograph  of  a  set  designed  and  built  in  the  East  for  recent  motion  picture 

productions.     With  this  photograph  is  the  architect's  sketch  for  the 
t  proposed   set.     The   sketch  was   approved  by   the   director 

before  a  nail  had  been  driven. 
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THE  ELEMENT/  of  PACE  in  a  H°T\°H  PICTURE 

TIME.   15  A    FACTOR.    IX   EVEFOT   ELEMENT 
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CUTTI/MG   &  ARRANGE  MEAIT 
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-SPEED  of  PROJECTION  ,  R.PJA. 
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is  the  author  of  the  picture,  and  of  much  more  account  than  his  usual 
salary  indicates.  Probably  the  completed  script  of  a  feature  picture 
costs  the  producer  less  than  two  thousand  dollars.  The  script  is  the 
pantomime  scenario  divided  into  scenes,  or  camera  shots,  with  every 
setting  and  bit  of  important  acting  business  described.  It  is  a  plan 
for  making  the  picture  complete  and  the  cost  of  the  picture  can  be 
estimated  from  it. 

Each  set  is  described.  The  cost  of  a  set  is  the  cost  of  the  material 
and  work  that  go  into  it,  of  course. 

Sets  in  the  gross  are  made  of  lath,  plaster  and  paint,  but  the  fine 
work  of  ornament  consumes  a  considerable  quantity  of  good  timber 
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however  carefully  the  carpenters  may  use  the  wood  over  and  over 
again.  Because  directors  demand  such  a  wealth  of  detail,  skilled 
carpenters,  painters  and  plasterers  are  constantly  employed  in  the 
erection  and  shifting  of  sets  at  a  trifle  more  than  current  prices  of  such 
labor. 


I  ff/-: ' 


The  influence  of  David  Belasco's  realism  on  the  pictures.    This  set  represented 

a  long  deserted  house  fallen  into  decay.    Note  the  lighter  spots  on  the 

wallpaper  where  one  would  believe  pictures  had  hung  and 

the  broken  chairs.    Cooper  Hewett  Banks  are  visible 

overhead  in  this  photograph. 


They  work  from  blue  prints  prepared  under  the  direction  of  an 
architect.  The  flimsy  nature  of  these  mock  facades  and  interiors 
constantly  tempts  art  directors  to  ignore  what  the  architect  is  paid 
to  insist  upon,  that  structure  supports  ornament,  never  ornament 
structure. 

The  furnishing  and  interior  decoration  of  sets  is  done  mostly 
with  properties  rented  for  the  occasion  though  there  always  exists 
an  accumulation  of  properties  which  belong  to  the  studio. 

In  addition  to  these  expenditures,  there  must  be  charged  to 
the  cost  of  a  set  built  or  rented  on  location,  auto  hire  for  the  rapid 
transportation  of  the  personnel  to  and  from  work,  the  cartage 
involved  in  the  bringing  of  studio  equipment  and  the  raw  material 
for  the  construction  of  sets  on  to  location,  and  if  the  location  be  at  a 
considerable  distance  from  the  studio,  the  railroad  fare  of  the  cast 
and  technical  staff  to  the  new  region. 
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The  prestige  of  a  great  corporation  demands  that  its  employees 
be  suitably  housed  and  usually  the  entire  personnel  will  be  main- 
tained at  the  most  convenient  good  hotel  near  the  set. 

At  noon  hour  on  location,  or  indeed  even  in  the  studio,  there  is 
usually  a  mob  of  extras  to  be  fed,  and  a  hundred  lunches  each  day  for 
a  week  will  total  several  hundreds  of  dollars. 

The  director  who  delights  to  fill  the  great  open  spaces  of  enor- 
mous sets  with  milling  humanity,  at  five  to  ten  dollars  per  day,  per  head, 
assumes  a  grave  responsibility  to  his  corporation,  and  must  in  any 
case  shoot  his  five  hundred  feet  of  picture  and  get  the  crowd  off  the 
lot  with  dispatch,  or  he  is  throwing  money  away. 

Location  rental  may  be  a  heavy  charge  upon  production.  There 
is  becoming  current  a  practice  of  using  the  most  valuable  real  estate 
in  the  East  rather  than  build  sets  representing  the  exteriors  of  great 
buildings.  The  Fifth  Avenue  Fifties  were  tied  up  during  the  small 
hours  recently  while  power  from  the  street  manhole  flood-lighted  the 
facade  of  a  mansion  used  as  the  background  for  a  bit  of  action. 

Artificial  light  which  permits  of  full  time  operation  of  the  studio 
plant  regardless  of  climate  cannot  prevent  a  seasonal  fluctuation 
of  the  load  upon  the  Eastern  studios.  Our  short  winter  days  and 
inclement  springs  will  always  slow  down  the  photography  of  exterior 
sets.  These  occur  in  every  picture  and  incline  producing  organiza- 
tions to  load  the  studios  to  capacity  during  the  summer  and  early  fall. 
Night  photography  of  exteriors  is  becoming  frequent,  and  seventy 
high  intensity  arcs,  the  most  powerful  light  to  be  bought,  were 
recently  used  on  the  Coast  to  light  a  cathedral  exterior  at  night. 

The  depreciation  of  lighting  equipment  constantly  trucked  over 
the  countryside  from  one  location  to  another  is  rapid,  but  the  whole 
cost  of  power,  salaries  of  electricians  and  depreciation  of  equipment, 
is  seldom  three  per  cent  of  the  cost  of  production. 

The  number  of  electricians  employed  to  light  a  set  may  fre- 
quently equal  the  number  of  actors  moving  through  it,  and  the  daily 
wage  of  an  electrician  is  about  that  of  an  extra. 

Light  is  the  chief  concern  of  the  camera  man.  "He  still  clings 
to  the  crank,  his  ancient  sign  of  power,  but  he  has  become  of  impor- 
tance to  the  industry  in  proportion  to  his  mastery  of  light."  The 
author  has  discussed  this  vastly  important  phase  of  Motion  Picture 
Engineering  in  previous  papers — CINE  LIGHT,  Transactions 
S.  M.  P.  E.,  Vol.,  16,  Pages  40  to  53,  and  DRAMATIC  LIGHTING 
in  the  "Motion  Picture  News,"  September  15,  1923,  page  1355. 
There  can  be  no  doubt  that  the  chief  electrician  of  a  large  studio  in 
charge  of  the  lighting  equipment  and  staff  of  electricians,  is  second 
only  to  the  studio  manager  himself  in  responsibility. 

One  of  the  chief  advantages  of  the  motion  picture  over  the 
stage  is  that  the  camera  may  be  placed  so  as  to  take  in  all  the  action 
and  set,  or  any  part  of  it,  from  any  point  of  view.  This  choice  of 
viewpoints  may  be  roughly  indicated  in  the  script,  but  in  the  last 
analysis  it  is  up  to  the  camera  man.  Moreover,  he  directly  controls 
the  tempo  of  the  completed  production  for  he  may  take  such  number 
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Set  shot  through  an  archway  made  of  a  curtain  and  two  pillars,  and  beyond 
those  an  opium  joint  bunk.    There  were  no  side  walls. 

of  pictures  per  second  within  reason  as  he  chooses.  In  most  large 
studios  a  second  camera  man  works  alongside  the  first  preparing  a 
film  which  shall  be  cut  for  export,  and  each  bit  of  action  is  run 
through  twice  to  make  sure  that  defective  film  has  not  blurred  the 
photography. 

Camera  men  are  paid  according  to  their  reputations,  from 
seventy  to  a  thousand  dollars  a  week.  A  good  director  usually  prefers 
to  work  with  a  camera  man  he  has  found  congenial  in  a  previous 
production. 

It  is  not  the  province  of  a  director  to  worry  about  whether  the 
next  set  will  be  ready  for  him  in  time — that  is  the  business  of  the 
studio  manager  perhaps,  or  some  technical  director.  The  director 
is  above  all  a  diplomat,  who  keeps  the  cast  interested  in  the  picture, 
and  eager  to  make  something  of  it.  Moreover,  he  should  be  able  to 
judge  acting  as  the  audience  will  judge  it.  Frequently  one  actor 
will  accidentally  cross  in  front  of  another  obscuring  some  bit  of  stage 
business,  or  in  the  unnatural  studio  environment,  the  cast  will  fall 
into  some  stiff,  artificial  grouping.  These  things  the  director  prevents 
and  he  influences  the  emotional  tone  of  the  acting  and  devises  bits  of 
business  to  maintain  constant  dramatic  interest. 

However  careful  the  direction,  there  are  always  thousands  of 
feet  of  negative  made  which  for  one  reason  or  another  must  be 
discarded.  A  skilled  " cutter"  is  usually  employed  to  look  over  each 
week's  work  as  it  is  done  and  cut  out  portions  which  because  of  bad 
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Fantasy.     A  Martian  Scene.     Note  the  use  of  painted  shadows  to  create  a 

stereoscopic  illusion. 

photography,  poor  lighting,  or  grossly  bad  acting,  are  useless.  The 
rest  of  the  film  he  will  have  pieced  together  according  to  the  con- 
tinuity, and  the  director  at  his  leisure  will  go  over  this  crude  motion 
picture  in  the  projection  room  and  recut  it  while  it  is  being  titled. 
More  excellent  pictures  have  been  ruined  in  the  cutting  room  than 
anywhere  else.  The  nice  adjustment  of  all  these  bits  of  action  into 
six  thousand  feet,  or  less,  of  film,  out  of  a  length  which  may  run  close 
to  a  hundred  thousand  feet,  is  the  most  important  because  final  task 
of  direction.  The  audience  must  be  sensed  all  the  time,  and  indeed 
no  picture  can  be  considered  ready  for  release  to  the  exchanges  until 
it  has  had  a  month's  run  at  a  regular  theatre,  and  been  cut  again 
after  that. 

The  compensation  of  a  director  depends  upon  his  reputation  and 
not  infrequently  he  will  own  a  considerable  block  of  stock  in  the 
producing  organization.  Several  hundred  to  several  thousand  dollars 
a  week  are  paid  to  a  director. 

The  star,  except  in  rare  instances  receives  a  higher  salary  than 
the  director,  and  several  independent  producing  organizations  have 
been  launched  and  successfully  financed  by  individual  stars.  The 
public  interest  in  such  actors  is  great  enough  to  justify  "Million 
Dollar  Contracts"  and  salaries  ranging  between  three  and  ten  thou- 
sand dollars  a  week.  Their  influence  upon  the  industry  results  from 
an  intense  publicity  which  has  made  the  star  almost  the  sole  contact 
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between  the  industry  and  the  nation.    The  star  to  the  people  is  the 
symbol  of  the  motion  picture. 

All  important  studios  maintain  stock  companies  and  feature 
their  principal  players  sufficiently  often  to  keep  them  in  the  public 
eye.  A  few  hundred  dollars  a  week  under  contract  meets  the  salary 
demand  of  such  actors  and  a  supporting  cast  for  a  star  may  often  be 
brought  together  at  a  smaller  total  weekly  expense  than  the  star's 
salary. 

A  private  dressing  room  in  the  studio  is  assigned  to  each  member 
of  the  stock  company  and  there  are  available  well  equipped  public 
dressing  rooms  for  the  itinerant  actors  engaged  to  play  minor  roles, 
or  as  extras.  There  is  thus  a  considerable  studio  overhead  to  be 
apportioned  among  whatever  productions  are  under  way. 

The  disbursement  of  funds  and  general  supervision  of  affairs 
throughout  the  studio  are  in  the  hands  of  the  studio  manager.  He 
keeps  the  finance  committee  of  the  producing  corporation  constantly 
aware  of  the  progress  of  each  picture,  and  the  expense  it  has  involved 
during  the  previous  week.  He  prevents  insofar  as  possible  undue 
extravagance  on  the  part  of  directors.  His  responsibility  is  above 
all  that  of  a  diplomat.  Studios,  as  do  all  groupings  of  well  paid 
experts,  engender  intrigue  and  jealousy,  and  he  must  hold  these 
antagonisms  within  reasonable  limits.  His  yearly  salary  will  depend 
upon  his  relation  to  the  finance  committee. 

There  are  made  in  the  United  States  about  seven  hundred  feature 
productions  a  year.  The  best  of  them  are  each  year  more  elaborate 
and  costly  than  the  best  of  the  previous  year.  Though  no  close 
relation  can  be  traced  between  the  cost  of  a  picture  and  the  return 
it  will  yield,  those  lavishly  made  and  carefully  trimmed  down  have 
been  more  profitable  than  cheap  pictures. 

A  limited  director  makes  a  limited  picture,  a  standardized, 
stereotyped  thing  from  the  canning  factory.  However,  he  ought  to  be 
given  a  well  thought  out  continuity  to  begin  with,  and  a  well  equipped 
studio  to  work  in. 

One  can  only  guess  how  much  money  the  most  excellently 
planned  feature  motion  picture  will  earn,  but  the  cost  of  making  it 
can  be  truly  estimated  before  work  begins  in  the  studio, 
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STEREOSCOPIC  PICTURES 

By  Wm.  V.  D.  Kelley 

THE  Stereoscope  is  older  than  Photography. 
The  subject  of  binocular  vision  has  been  studied  and  written 

about  since  the  times  of  Galen  and  Euclid. 

The  first  stereoscopic  pictures  were  drawings  viewed  in  instru- 
ments similar  to  the  hand  instruments  introduced  by  Holmes  and 
afterwards  found  on  the  parlor  table  of  most  homes  in  the  early  days 
of  photograph}^. 

It  is  not  generally  realized  that  the  eyes  see  two  distinct  and 
slightly  different  pictures  of  every  object  on  which  they  are  directed. 
A  simple  example  will  make  this  plain: 

Close  your  left  eye  and  in  front  of  your  right  eye,  about  one  foot 
from  it,  hold  upright  the  first  finger  of  your  right  hand  and  then  one 
foot  away  hold  up  the  first  finger  of  your  left  hand  in  a  line  directly 
with  the  other  finger.  You  will  find  that  you  can  see  only  one  finger, 
the  nearest  one.  Now  close  the  right  eye  and  open  the  left  and  you 
find  that  you  can  see  both  fingers  and  that  the  farthest  away  is  to 
the  left  of  the  other.  Herein  we  have  a  demonstration  of  what  is 
known  as  binocular  vision,  seeing  with  two  eyes.  Our  eyes  are  so 
set  or  placed  that  we  are  able  to  see  around  objects  and  estimate  their 
lateral  dimensions  or  solidity,  to  determine  the  shape  of  things,  to 
appreciate  the  separation  of  objects  at  different  distances  and  to  see 
things  in  pleasing  perspective.  Close  one  eye  and  look  about  you 
and  you  find  things  become  flat,  just  as  the  movies  of  today.  Immedi- 
ately upon  opening  the  closed  eye  you  see  things  in  perspective. 
That  is  the  difference  between  the  ordinary  movies  and  Stereoscopic 
Pictures. 

The  separation  of  the  human  eyes  averages  about  two  and  three 
quarter  inches  and  each  eye  sees  a  different  view.  To  see  stereo- 
scopically  with  our  unaided  eyes,  we  must  view  other  than  flat  objects 
or  planes. 

If,  however,  we  produce  two  photographs  of  the  same  object, 
which  photographs  are  flat,  mount  them  side  by  side  and  use  a  stereo- 
scope to  view  them,  so  that  each  eye  sees  one  view  only,  we  again 
reproduce  the  scene  in  relief.  In  fact,  the  relief  may  be  increased, 
within  limits,  over  that  normally  seen  with  the  eyes,  by  taking  the 
two  views  from  points  further  apart  than  the  normal  distance  between 
the  human  eyes. 

The  Stereoscope  is  an  optical  instrument  "for  uniting  into  one 
image  two  plane  (or  flat)  representations  as  seen  by  each  eye  sepa- 
rately and  giving  to  them  the  appearance  of  relief  or  solidity." 
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Stereoscopic  Projection 

"In  1841  Dove  showed  that  if  one  of  a  pair  of  stereoscopic  pic- 
tures is  outlined  in  blue  on  a  white  ground,  and  the  other  element 
in  red,  the  two  being  approximately  superimposed  upon  the  same 
sheet,  a  spectator  furnished  with  red  and  blue  glasses  will  see  the 
outlines  as  a  single  solid  unit.  In  demonstrating  this  fact  Dove 
obviously  foreshadowed  the  work  of  Ducos  DuHauron."  "D' Almedia, 
in  his  communication  (1858)  to  the  French  Academy  of  Science, 
described  how  he  placed  in  the  course  of  the  luminous  rays  two 
colored  glasses,  (red  and  green);  the  observer  views  the  projection 
through  glasses  of  similar  colors,  the  fusion  being  seen  as  a  black  and 
white  combination  in  stereoscopic  relief." 

Stereoscopic  Motion  Pictures[ 

Theodore  Brown  is  given  credit  for  the  following  systems: — 
1.  Placing  the  subject  on  a  rotatable  stand  revolved  synchronously 
with  the  working  of  the  taking  camera;  2.  Causing  the  camera  to 
circumscribe  the  object,  by  making  the  former  travel  round  the 
subject  at  a  speed  regulated  by  the  working  of  the  camera;  3.  Using 
the  camera  on  a  special  tripod  head,  designed  to  give  an  oscillation  to 
the  camera  while  in  operation;  and  (4)  taking  the  subject  in  a  con- 
tinuous panographic  direction,  at  a  speed  of  operating  according  to 
the  movement  of  the  vehicle  carrying  the  camera. 

The  Fairall  Process 

The  Film  Daily  of  September  30,  1922,  announced  "A  pre-view  of 
the  Stereoscopic  motion  picture  "The  Power  of  Love"  to  be  given  at 
the  Ambassador  Hotel  Theater,  Los  Angeles,  Cal."  "The  film  re- 
ceived continuous  applause." 

Fairall  projects  his  pictures  by  means  of  two  projectors  operating 
in  unison  with  scenes  representing  one  point  of  view  being  colored 
red  in  the  clear  portions  and  the  other  set  colored  blue-green. 

Quoting  the  Film  Daily  again:  "The  Fairall  camera  has  two  lenses 
the  distance  apart  of  the  human  eyes.  The  two  films  are  super- 
imposed in  projection.  In  viewing  the  films,  spectacles  are  worn 
with  red  glass  over  one  eye  and  a  green  glass  over  the  other  eye  to 
obtain  the  stereoscopic  effect." 

Teleview  Process 

Teleview  Stereoscopic  Motion  Pictures  first  shown  publicly  at 
the  Selwyn  Theatre,  New  York  City  during  the  holidays  of  1922-23. 
This  system  uses  two  cameras  for  photographing  and  two  projectors 
for  screening.  The  spectator  is  furnished  with  an  instrument  to  hold 
in  front  of  the  eyes,  which  consists  of  a  handle,  topped  with  a  round 
section  having  openings,  through  which  one  can  view  the  picture. 
This  instrument  contains  a  shutter  synchronized  with  the  two  projec- 
tors, so  that  first  one  and  then  the  other  eye  is  uncovered  in  agreement 
with  the  uncovering  of  the  pictures  by  the  respective  projectors.    The 
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shutter  held  by  the  spectator  is  electrically  connected  with  the  genera- 
tor that  drives  the  projectors. 

This  all  sound  expensive  and  complicated  but  in  practice  it  seems 
quite  simple,  while  the  question  of  expense  is  debatable.  If  a  house 
would  run  stereoscopic  pictures  regularly,  say  two  weeks  a  month, 
and  the  installation  per  seat  is  not  over  $10  then  the  cost  per  seat  per 
day  would  be  only  about  six  cents  or  per  show  about  one  cent  each. 
Over  a  period  of  time  this  would  be  negligible. 

I  have  no  newspaper  comments  at  hand,  but  the  results  on  the 
screen  were  close  to  perfection. 

Plasticon  Pictures 

This  is  simply  an  adoption  of  the  Du  Hauron  Anaglyph.  The 
system  was  adopted  because  of  its  simplicity.  The  camera  pulls 
down  two  picture  areas  at  a  time  and  exposes  both  at  once.  Each 
lens  is  provided  with  a  prism  so  that  one  lens  sees  about  1%"  to  the 
right  of  center,  while  the  other  sees  the  same  distance  to  the  left. 
The  same  camera  that  is  used  for  color  pictures  was  utilized  by  making 
a  new  mounting  for  the  prisms  and  lenses  interchangeable  with  the 
color  lenses.    Two  exposures  are  made  simultaneously. 

All  of  the  right  eye  pictures  are  printed  on  one  side  of  double 
coated  film  and  toned  red,  and  the  left  eye  pictures  printed  on  the 
opposite  side  and  toned  blue-green.  The  result  is  a  blurred  inter- 
mixture of  colors  and  pictures. 

The  audience  is  supplied  with  spectacles,  in  order  to  see  the 
pictures  correctly.  In  this  case  a  cardboard  frame-work  supporting 
two  pieces  of  gelatine  colored  red  and  green-blue.  The  red  glass 
obliterates  the  red  toned  image  but  turns  the  green-blue  toned  image 
black.  The  same  principle  applies  to  the  other  set  of  pictures.  The 
result  is  that  each  eye  sees  only  the  one  picture,  the  two  are  mixed 
in  the  brain  and  the  original  scene  is  reproduced. 

The  first  public  demonstration  of  Plasticon  Pictures  was  given 
at  the  Rivoli  Theatre,  New  York,  during  Christmas  week  1922. 

Reading  from  the  press  notices: — 

New  York  Times:  "These  stereoscopic  pictures  have  to  be  seen  to  be  appre- 
ciated. Persons  accustomed  to  viewing  ordinary  flat  pictures  cannot  easily  antici- 
pate the  effect  of  seeing  every  object  in  a  scene  stand  out  with  length,  breadth 
and  thickness  as  it  does  in  real  life.  They  do  just  this,  in  Mr.  Kelley's  short  film, 
which  is  composed  of  scenes  in  and  about  New  York  City. 

The  Tribune:  It  is  the  gold  frame  to  this  picture  that  is  the  real  attraction 
this  week.  Dr.  Riesenf eld,  as  a  sort  of  warming  up  to  the  fourth  dimension  which 
he  will  reveal  later  in  the  Einstein  pictures,  probes  this  week  into  the  third  dimen- 
sion on  the  screen.  It  is  a  film  novelty  called  "Movies  of  the  Future"  introducing 
"Plasticon"  pictures,  depending  upon  little  paper  spectacles  with  different  colored 
lenses,  distributed  by  ushers  to  give  a  steroscopic  effect.  On  the  screen  the  spec- 
tator sees  blurred  red  and  green  images  in  motion,  but  the  colored  filters  cut  off 
one  of  the  images,  so  that  separate  pictures  are  presented  to  each  eye,  as  in  the  old 
fashioned  stereoscope,  and  the  combination  of  these  gives  the  appearance  of  relief 
to  the  figures. 
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Demonstration 

We  will  now  pass  out  the  glasses  to  j^ou  and  give  you  a  demon- 
stration of  scenes  made  in  and  about  Washington,  D.  C.  by  the 
Plasticon  process. 

You  can  view  the  pictures  close  to  the  screen  and  will  enjoy  trying 
to  pick  the  trees  out  of  the  air.  Also  try  moving  the  head  sideways  and 
note  that  the  foreground  will  remain  stationary  while  the  background 
moves.  Another  novelty  is  to  view  the  pictures  from  one  side  of  the 
hall,  for  unlike  the  normal  films,  these  can  be  viewed  from  any  angle. 

PLASTICON  PICTURES  follow  the  principle  set  down  by 
Nature,  that  each  eye  sees  its  own  image.  The  movies  of  today  have 
but  two  dimensions,  heighth  and  breadth.  Depth  is  not  present  and 
we  must  judge  distances  by  size.  The  third  dimension  or  depth  is  the 
basic  principle  of  "Plasticon  Pictures"  and  we  are  now  able  to  view 
upon  the  screen  pictures  that  have  natural  solidity. 

It  is  difficult  to  say  just  where  stereoscopic  pictures  will  lead  us 
since  they  represent  the  true  form  in  which  pictures  should  be 
presented,  and  it  is  a  more  perfect  method  of  photographically 
recording  scenes  and  objects  than  any  other  process  yet  presented. 
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DISCUSSION 

Mr.  Brown:  As  the  observer  moves  his  head  to  the  left,  distant 
objects  appear  to  move  to  the  right,  with  reference  to  the  foreground, 
which  is  opposite  to  one's  experience  with  real  landscapes.  Does 
not  this  make  the  stereoscopic  picture  appear  as  though  its  depth 
were  made  up  of  a  number  of  shifting  planes  of  cardboard,  like 
stage  scenery? 

Mr.  Kelley:  I  should  say  that  depends  on  the  subject  matter. 
You  can  not  make  stereoscopic  pictures  of  anything.  If  you  notice 
there  is  one  subject  a  carved  figure;  certainly,  there  was  roundness 
to  that.  This  type  of  camera,  however,  does  not  permit  photo- 
graphing  close-ups.     This   separation   of   the   lenses   is   too   great. 

Mr.  Capstaff:  I  think  that  the  effect  Mr.  Brown  sees  is  due 
to  lack  of  illumination  on  the  screen.  With  better  projection  con- 
ditions the  solidity  would  have  been  obtained. 

Mr.  Beechlyn:  I  should  like  to  ask  Mr.  Kelley  if  the  vertical 
parallax  could  be  overcome  by  the  simple  expedient  of  setting  the 
two  prisms  at  a  slight  angle  so  that  the  two  lenses  will  in  effect  lie 
in  the  same  horizontal  plane. 

Mr.  Kelley:  I  think  it  could  be  done  if  properly  distorted 
prisms  could  be  built  but  I  do  not  know  whether  or  not  such  prisms 
can  be  manufactured. 

Mr.  Capstaff:  Twisting  the  prisms  as  suggested  would  give 
slight  lateral  displacement  and  some  image  distortion. 

Mr.  Renwick:  I  should  like  to  ask  whether  there  is  any  trouble 
with  register. 

Mr.  Kelley:  To  answer  this  we  would  have  deliberately  to 
make  pictures  not  in  register,  but  we  have  experienced  very  little 
difficulty  in  obtaining  records  sufficiently  good  for  the  purpose. 
It  is  probable  that  lack  of  register  would  cause  a  vertical  jumping 
of  the  picture  so  it  is  probably  quite  important.  The  cost  of  supply- 
ing the  necessary  spectacales  could  probably  be  reduced  very  much 
and  I  do  not  think  that  would  be  a  serious  item. 

Mr.  Holman:  I  should  like  to  ask  about  the  cost  of  this  kind  of 
finished  film. 

Mr.  Kelley:  The  cost  is  the  same  as  in  any  double  coated 
two-color  film. 
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A  MOTION  PICTURE  DENSITOMETER 

By  J.  G.  Capstaff  and  N.  B.  Green 

Communication  No.  194  from  the  Research  Laboratory  of  the 
Eastman  Kodak  Company 

DURING  the  course  of  certain  experiments  in  tone  reproduction 
as  applied  to  motion  pictures  in  color,  the  need  for  an  instru- 
ment capable  of  measuring  the  small  areas  of  density  in  motion 
picture  images  became  apparent.  At  that  time  no  instrument  entirely 
suitable  for  this  purpose  was  available. 

The  area  of  a  particular  highlight  or  shadow  portion  in  such  an 
image  often  covers  no  more  than  one-quarter  of  a  square  millimeter 
and  the  point  to  be  measured  may  be  located  anywhere  within  the 
picture  limits.  The  density  as  measured  must  have  the  same  value 
as  that  obtained  in  contact  printing.  Since  photographic  images  in 
general  are  composed  of  particles,  which  scatter  light,  it  was  felt 
that  any  type  of  projection  densitometer  would  be  liable  to  introduce 
errors  because  of  this  scatter  effect.  Hence,  it  was  decided  to  attempt 
to  design  an  instrument  that  would  use  diffused  light  and  be  capable 
of  giving  a  true  contact  printing  value  of  the  density  with  a  range  of 
0  to  3.0,  which  is  the  highest  density  commonly  met  with  in  motion 
picture  work. 

Since  the  maximum  density  to  be  measured  was  not  very  great, 
it  was  decided  that  an  instrument  based  on  the  inverse  square  law 
would  be  practicable,  and  since  the  difficulties  attendant  upon  the 
provision  of  a  light  source  of  constant  intensity  are  very  great,  it 
seemed  to  be  axiomatic  that  the  same  source  be  used  both  for  the 
illumination  of  the  density  area  to  be  measured  and  for  the  com- 
parison field.1  This  makes  the  accuracy  of  the  readings  obtained 
independent  of  variations  in  the  intensity  of  the  light  source.  The 
arrangement  of  essential  parts  shown  in  Figure  1  was  accordingly 
adopted. 

In  this  Figure  1  is  a  movable  light  source  of  small  area,  S  and  S' 
diffusing  screens  of  flashed  opal.  It  is  obvious  that  as  the  light 
source  is  moved  away  from  S  and  toward  S'  the  value  of  the  illumi- 
nation at  S  is  decreased  and  at  S'  increased  in  accordance  with  the 
inverse  square  law.  It  is  now  only  necessary  that  the  light  coming 
from  the  two  diffusing  screens  be  combined  to  form  a  photometric 

1  For  discussion  of  the  use  of  bar  photometers  for  densitometric  work, 
reference  may  be  made  to  papers  by  W.  B.  Ferguson  and  F.  F.  Ren  wick,  "A 
Convenient  Accurate  Photometer  for  the  Measurement  of  Photographic  Densi- 
ties," Phot.  J.  42  (1918)  p.  155. 
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Fig.  2.     Photometric  Head 

field.  This  is  accomplished  by  means  of  the  system  of  plane  silvered 
mirrors  M,  M'  and  M",  the  lens  L,  and  the  photometric  head  H. 
In  Figure  2  the  principle  of  the  photometric  head  is  shown. 
In  the  base  of  the  head  is  a  square  piece  of  plane  silvered  mirror  FM 
with  its  silvered  side  in  contact  with  the  flashed  side  of  the  upper 
diffusing  screen  S.  This  is  called  the  field  mirror.  In  the  center 
of  this  mirror  the  silver  is  removed  over  a  circular  area  one-half  mm. 
in  diameter.  Above  this  at  an  angle  of  45°  is  a  piece  of  plane  glass 
arranged  to  reflect  the  beam  coming  from  S  via  the  mirror  system  to 
the  field  mirror.  The  eye  of  an  observer  placed  directly  above  the 
round  spot  in  the  field  mirror  thus  sees  the  spot  illuminated  directly 
by  S,  surrounded  by  a  comparison  field  illuminated  from  S'.    In  the 
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eye  piece  is  a  3X  magnifier  MG.  Now,  if  the  light  source  1  is  set 
3  inches  from  the  lower  diffusing  screen  S'  and  the  two  screens  are 
placed  21  inches  apart,  a  movement  of  I  toward  S  through  15  inches 
will  give  a  range  of  intensity  difference  between  the  spot  and  the 
field  in  the  photometric  head  of  1  to  1296.  This  represents  a  density 
difference  slightly  greater  than  3.0.  Next,  if  the  field  is  balanced  with 
the  light  source  3  inches  from  the  lower  screen  S'  and  a  density  is 
placed  between  the  spot  in  the  field  mirror  and  the  upper  screen  S, 
its  value  may  be  read  directly  by  measuring  the  distance  through 
which  the  light  source  was  moved  in  order  to  re-establish  the  bal- 
anced photometric  field.  In  practice,  an  endless  steel  tape  is  attached 
to  the  light  source  carriage  and  passed  over  the  two  pulleys,  P  and 
P'.  The  tape  is  graduated  in  terms  of  density  from  0  to  3.0  with 
scale  divisions  of  .01.  The  readings  are  taken  through  the  observa- 
tion window  W  which  bears  a  hair  line.  The  formula  for  graduating 
the  tape  is: 


p  2  log  r(x+a)  (T+a)i 


in  which  (x)  equals  the  distance  between  the  light  source  at  any  chosen 
point  and  the  lowest  limit  of  travel.  (T)  equals  the  total  distance 
through  which  the  light  source  may  travel  or  15  inches  and  (a) 
equals  the  distance  from  the  nearest  point  of  travel  to  either  screen 
or  3  inches.    (Figure  3.) 
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Fig.  3.     Formula  for  Graduating  Tape 

The  lamp  chosen  for  the  light  source  was  a  6- volt  108-watt 
locomotive  headlight  type  in  a  spherical  bulb  and  with  a  single  fila- 
ment coil  approximately  34  inch  in  length.  This  was  screwed  into 
a  socket  mounted  on  a  counter-balanced  carriage  traveling  along 
two  vertical  rods.  Since  the  position  of  the  filament  must  bear  a 
definite  relation  to  the  graduated  tape,  it  was  necessary  to  provide 
adjustments  in  three  directions  at  right  angles  as  well  as  a  rotating 
one.  Then  in  placing  a  new  lamp  in  position  the  tape  is  put  on  zero 
and  the  filament  placed  exactly  3  inches  from  the  lower  screen 
on  a  direct  line  drawn  between  the  spot  in  the  field  mirror  and 
the  center  of  the  screen  S'.  To  facilitate  the  positioning  of  the 
filament  exactly  3  inches  from  S',  a  temporary  housing  is  placed 
around  the  lamp  and  in  contact  with  the  lower  screen.  The  filament 
is  then  lined  up  between  two  fine  slits  in  opposite  sides  of  the  housing. 
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To  prevent  reflections  from  the  sides  of  the  densitometer  case, 
the  lamp  is  housed  in  a  cylindrical  container  which  is  matte  blackened. 
The  top  and  bottom  are  provided  with  openings  just  large  enough 
to  enable  the  two  screens  to  receive  light  from  the  whole  light  source. 
All  the  inside  parts  of  the  densitometer  that  can  be  so  treated  are 
made  matte  black.  This  tends  to  reduce  to  a  minimum  errors  caused 
by  scattered  light. 


Fig.  4.     Interior  View  of  Densitometer 


The  lens,  L,  is  used  to  image  the  screen,  S',  on  the  field  mirror, 
FM,  after  reflection  from  M,  M',  and  M".  The  square  tubing  which 
connects  the  mirror,  M",  to  the  photometric  head  is  hinged  to  the 
top  of  the  densitometer  case.  This  enables  the  photometric  head  to 
be  raised  and  thus  expose  the  screen,  S.  This  screen  then  serves 
as  a  small  illuminator  2  inches  square,  and  with  it  the  density  to  be 
measured  can  be  selected  from  the  picture  by  placing  it  over  a  small 
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circular  target  etched  in  the  screen,  S,  which  is  in  register  with 
the  spot  when  the  photometric  head  is  lowered  to  its  working  position. 

The  photometric  head  is  slidable  in  a  vertical  direction  with 
respect  to  the  square  tube,  so  that  transparencies  of  various  thick- 
nesses can  be  accommodated.  The  head  is  also  sealed  to  prevent 
the  entrance  of  dust. 

As  the  lamp  ages  the  upper  glass  surface  of  the  bulb  becomes 
blackened  to  some  extent.  This  is  compensated  for  by  means  of  a  low 
gradient  neutral  wedge  immediately  under  the  upper  screen.  Owing 
to  the  number  of  reflections  in  the  field  beam  a  color  difference 
between  the  spot  and  the  field  is  introduced.  This  is  compensated 
for  by  placing  a  piece  of  suitably  tinted  gelatine  film  in  front  of  the 
mirror,  M".  Although  the  instrument  was  intended  primarily  for 
measurement  of  motion  picture  images,  by  making  the  hinged 
tube  bearing  the  photometric  head  sufficiently  long,  densities  in  the 
center  of  a  12//X15//  image  can  be  measured.  A  small  lamp  on  a 
spring  switch  is  placed  beneath  the  reading  window  to  illuminate  the 
scale.  Near  this  point  the  tape  passes  over  the  top  pulley,  "P," 
the  shaft  of  which  extends  out  through  the  case  and  ends  in  a  knob. 


Fig.  5.     Exterior  View  of  Densitometer  with  Operator 
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Turning  of  this  knob  and  pulley  drives  the  tape  and  hence  the  lamp 
carriage  throughout  its  path.  Figs.  4  and  5  show  photographs  of  the 
actual  model. 

Thousands  of  measurements  have  been  made  with  this  instru- 
ment extending  over  a  period  of  3J^  years,  and  it  is  found  that  the 
variations  in  reading  are  well  within  the  limits  of  error  common  in 
photographic  processes.  The  balancing  of  the  photometric  field 
is  as  reproducible  as  with  any  of  the  other  common  types  of  photo- 
metric instruments;  that  is,  an  experienced  operator  can  repeat  his 
measurements  with  a  precision  of  plus  or  minus  .01  when  reading 
densities  up  to  2.0  and  plus  or  minus  .02  with  the  higher  densities. 
The  reading  of  superimposed  densities  checks  with  the  sum  of  the 
readings  of  the  densities  measured  individually.  These  approach 
very  closely  to  those  made  on  the  Koenig-Marten  and  Jones  instru- 
ments. 

The  instrument  has  proved  to  be  extremely  useful  in  practical 
photography.  Some  of  its  obvious  uses  are  in  the  measurement  of 
sensitometric  densities  to  give  the  working  characteristics  of  an 
emulsion  such  as  speed,  latitude,  gamma,  fog  density,  etc;  the 
measurement  of  density  contrast  in  negatives  or  positives  and  to 
ascertain  the  printing  value  of  them.  It  is  also  used  in  tracing  out 
the  tone  reproduction  in  the  various  steps  necessary  when  making 
duplicate  negatives.  Other  applications  have  been  discovered  and 
are  in  almost  daily  use. 

Rochester,  N.  Y. 
September  17,  1923. 
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DISCUSSION 

Mr.  Renwick:  I  think  that  Mr.  Capstaff  and  his  colleague 
are  to  be  congratulated  on  having  developed  a  valuable  type  of 
instrument  in  which  is  incorporated  a  number  of  improvements  upon 
the  design  which  Mr.  Ferguson  and  I  worked  out.  This  type  is  very 
useful  in  a  works  laboratory  because  it  is  direct  reading  and  one 
does  not  have  to  handle  complicated  tables.  The  main  difficulty 
with  it  has  been  with  the  quality  of  the  small  lamps  obtainable. 
It  was  very  difficult  on  the  other  side  of  the  water  to  get  lamps 
free  from  striae  and  air  bells  in  the  glass,  and  I  have  had  the  same 
difficulty  on  this  side.  It  is  almost  impossible  at  present  to  get  a 
small  lamp  bulb  entirely  free  from  such  defects  which  should  be 
absent  because  the  operation  of  the  instrument  depends  on  the 
uniformity  of  the  cone  of  light  emitted  over  a  considerable  angle. 
I  hope  that  lamp  makers  will  make  a  bulb  before  long  with  a  sealed 
in  plate  of  flat  glass  free  from  all  defects. 

Mr.  Capstaff:  The  reason  we  chose  this  particular  lamp  was 
that  it  has  a  quarter  inch  filament.  We  chose  it  because  we  found 
by  examining  various  lamps  that  we  got  no  trouble  from  striae  in 
the  type.  We  could  have  made  a  more  compact  instrument  with  a 
smaller  light  but  we  knew  we  should  get  into  this  trouble  by  doing 
so.  I  don't  know  what  accuracy  Mr.  Renwick  demands,  but  we 
have  used  the  instrument  and  made  thousands  of  measurements  with 
it.  We  are  applying  it  in  our  photography  and  have  yet  to  find  any 
appreciable  error  from  any  cause. 

Mr.  Renwick:  I  agree  with  Mr.  Capstaff,  that  for  commercial 
work  the  trouble  is  not  often  serious  if  there  is  a  skilled  worker  in 
charge  who  will  select  each  new  lamp  and  install  it  in  the  instrument 
with  proper  care  but  with  an  instrument  of  this  kind  in  use  for  six 
or  eight  hours  a  day,  this  matter  requires  to  be  taken  into  considera- 
tion since  you  can't  allow  a  lamp  to  be  replaced  by  an  unskilled 
worker. 

There  is  another  point,  that  the  lamp  you  have  chosen  has  a 
spiral  filament.  For  very  accurate  work  every  spiral  filament 
lamp  involves  this  uncertainty — that  the  rear  half  of  the  spiral  throws 
a  shadow  of  the  front  half  and  you  get  a  faint  network  of  shadows 
of  the  filament  over  the  field  of  the  instrument.  It  was  for  this 
reason  that  Mr.  Ferguson  and  I  took  a  great  deal  of  trouble  to  avoid 
spiral  filaments. 

Mr.  Capstaff:  There  is  something  in  what  Mr.  Renwick  says, 
but  a  greater  source  of  error  is  dust  on  the  bulb  or  a  dirty  bulb, 
which  introduces  quite  a  serious  error.     I  think  that  is  one  more 
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likely  to  occur  and  of  greater  magnitude  than  the  filament  shadow 
effect. 

Me.  Burnap:  I  think  Mr.  Capstaff  has  picked  a  very  good 
lamp;  it  is  one  we  blow  regularly.  We  can  make  a  good  job  of  it. 
Some  of  the  smaller  spiral  filaments  are  difficult  to  handle. 

Your  photometer  field  is  a  circular  area  surrounded  by  a  con- 
centric ring  as  comparison  field,  is  it  not? 

Mr.  Capstaff:    Yes. 

Mr.  Burnap:  I  know  how  this  is  accomplished  in  usual  photo- 
metric equipment  but  I  do  not  understand  how  Mr.  Capstaff  obtains 
the  separation  of  the  two  fields  in  this  instrument.  I  should  like 
to  inquire  how  light  from  the  comparison  side  is  excluded  from  the 
small  central  portion  of  the  field  in  which  the  density  to  be  measured 
is  imaged. 

Mr.  Capstaff:  If  I  make  a  diagram  of  the  photometer  head 
it  will  help.  What  we  are  aiming  at  getting  in  this  instrument  is  a 
measure  of  very  small  densities  under  contact  printing  conditions. 
We  plate  a  plane  mirror  on  thin  glass  (drawing).  The  silver  side 
lies  in  contact  with  the  density  to  be  measured.  In  the  center  of  the 
mirror  the  silver  is  removed  over  a  circular  area  of  1/2  mm.  The 
density  to  be  measured  goes  just  under  the  l/2mm.  hole.  Here  is 
the  illuminating  screen  (indicating) .  Immediately  above  at  an  angle 
of  45°  is  a  piece  of  plane  clear  glass  from  which  about  8%  of  the  com- 
parison beam  is  reflected  down  into  the  field  mirror.  Viewed  from 
above,  the  eye  thus  sees  the  spot  surrounded  by  the  comparison 
beam. 

Mr.  Burnap  :     That  answers  my  question. 

Mr.  Capstaff:  This  method  of  forming  the  photometric  field 
is,  as  far  as  I  know,  the  only  novel  feature  in  the  instrument. 

Mr.  Beechlyn:  I  should  like  to  inquire  whether  there  is  a 
small  component  of  the  light  which  suffers  total  reflection.  This  I 
should  expect  to  come  from  the  inside  surface  of  the  glass  plate. 

Mr.  Capstaff:  We  get  both;  that  is  the  8%.  The  beam  of 
light  forming  the  field  is  sufficiently  large  to  include  reflection  from 
the  front  of  the  glass  and  the  back. 

Mr.  Beechlyn:     I  referred  to  the  back  reflection. 

Mr.  Capstaff:    We  have  never  been  bothered  by  this. 

Mr.  Beechlyn:    It  would  be  a  small  amount. 

Mr.  L.  A.  Jones:  I  am  sure  there  is  a  certain  demand  in 
research  work  for  a  lamp  bulb  entirely  free  from  striation.  I  do  not 
believe  that  the  striation  present  in  commercial  lamps  is  sufficiently 
serious  to  interfere  in  any  way  with  the  proper  performance  of  the 
instrument  described  by  Mr.  Capstaff.  There  are,  however,  certain 
problems  requiring  entire  freedom  from  that  lack  of  uniformity  in  the 
distribution  of  the  light  from  the  filament  following  as  a  result  of 
irregularities  in  the  glass  bulbs.  The  Bureau  of  Standards  has  a 
special  pyrometer  lamp  made  by  sealing  onto  the  ends  of  a  glass 
tube  disks  of  optically  worked  glass,  thus  providing  perfectly  plain 
windows  through  which  the  light  may  leave  the  bulb.    I  think  this 
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might  be  worth  consideration  by  some  of  our  lamp  manufacturing 
friends,  since  I  feel  that  there  would  be  a  considerable  demand  for 
a  lamp  of  this  kind  if  it  were  once  made  available.  I  quite  realize  that 
the  use  would  be  relatively  limited  but  there  is  very  urgent  need 
for  a  lamp  of  this  kind  in  some  lines  of  research  work. 

President  Porter:  I  might  suggest  that  some  of  the  labora- 
tory experts  take  up  with  optical  manufacturers  this  question.  If 
you  send  us  the  bulbs  we  will  make  them  into  lamps. 

Mr.  Capstaff:  Often  the  shadows  from  one  of  the  stranded 
type  of  lamps  looks  alarming  when  received  on  a  sheet  of  paper.  I 
don't  know  whether  Mr.  Renwick  has  measured  the  difference 
between  the  shadow  and  its  background  in  one  of  these  cases.  I 
attempted  to  measure  it  and  found  that  the  difference  in  density 
terms  was  .02  as  near  as  I  could  make  out.  It  is  just  measurable,  the 
lack  of  uniformity  on  the  screen  is  not  perceptible  with  the  lamp 
chosen. 

Mr.  Renwick:  I  am  puzzled  at  the  figure  Mr.  Capstaff  men- 
tions because  the  patterns  thrown  by  most  small  spiral  filament 
lamps  on  a  sheet  of  white  paper  are  clearly  apparent.  Now  a  density 
difference  of  .02  is  about  the  average  limit  of  accuracy  in  density 
measurements  for  a  beginner  in  photometry  and  is  the  smallest 
brightness  difference  which  is  perceptible  under  ordinary  conditions 
of  observation.  But  the  conditions  of  observation  of  such  a  pat- 
tern are  bad  because  the  brightness  differences  do  not  have  sharp 
boundaries  and  therefore  I  feel  sure  that  the  local  differences  are 
usually  several  times  the  value  mentioned. 

»Mr.  L.  A.  Jones:  I  believe  Mr.  Renwick  and  Mr.  Capstaff  are 
talking  about  two  different  things.  I  agree  with  Mr.  Renwick  to  a 
certain  extent  for  I  have  seen  lamps  in  which  the  striation  was  so 
marked  that  bright  lines  four  or  five  times  as  bright  as  the  back- 
ground illumination  could  be  easily  seen  on  the  white  surface  illu- 
minated by  the  lamp.  This  is  rather  unusual,  however,  and  in  most 
cases  the  irregularities  in  brightness  are  just  perceptible. 

Mr.  Renwick:  That  agrees  with  my  statement  that  usually 
in  a  set  of  two  dozen  lamps  not  more  than  three  or  four  can  be  used 
for  accurate  work. 

Mr.  Farnham:  I  don't  think  that  the  scientific  lamp  for  which 
there  is  so  limited  a  demand  should  come  from  the  lamp  people  of 
their  own  accord:  I  think  the  demand  should  come  from  the  people 
using  them.  What  we  decided  to  make  might  satisfy  one  user  and 
not  another.  If  the  people  who  desire  lamps  of  this  type,  will  agree 
on  a  set  of  specifications  for  a  so-called  scientific  lamp  or  group  of 
lamps,  I  am  sure  the  lamp  people  could  make  them. 
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ERBOGRAPH  MACHINE 

A  Friction  Feed  Developing  Machine  for  Developing 
Positive  Motion  Picture  Film 

By  Roscoe  C.  Hubbard 

BY  THE  TERM  developing  machine,  as  used  in  the  title  of  my 
paper,  I  mean  a  machine  for  developing,  fixing,  washing,  tinting 
and  drying. 

Until  recently  the  common  practice  for  carrying  forward  these 
various  processes  has  been  entirely  manual.  That  is,  the  printed 
positive  film  was  wound  by  hand  or  machine  upon  wooden  racks. 
These  racks  were  then  immersed  by  hand  respectively  in  deep  tanks 
for  soaking,  developing,  rinsing,  fixing,  washing  and  tinting.  Next, 
the  film  was  unwound  from  the  racks  and  wound  onto  drying  drums. 
When  dry,  it  was  unwound  from  the  drums  into  a  barrel  or  box  and 
then  wound  up  again  into  rolls. 

Now  these  processes  required  a  great  deal  of  manual  handling 
of  raw  film,  and  by  the  very  nature  of  the  processes  a  great  many 
troubles  developed  by  reason  of  careless  handling.  It  is,  I  might  say, 
an  impossibility  to  preserve  an  exceedingly  careful  attitude  in  a  num- 
ber of  workmen  who  are  by  the  nature  of  their  work  wet  and  uncom- 
fortable. Taking  all  this  into  consideration  we  decided,  back  in 
1914  I  think  it  was,  that  in  order  to  progress  further  toward  better 
and  more  satisfactory  laboratory  work,  a  radical  change  in  methods 
would  be  desirable.  Processing  by  machine  seemed  the  logical  answer. 
At  that  time,  there  seemed  to  be  nothing  in  the  field  which  would 
cover  our  requirements,  so  we  decided  to  design  and  build  our  own. 

The  key  process  to  the  whole  required  series  of  processes  seemed 
to  us  to  be  the  developing  solution.  First,  we  believed  that  the 
minimum  time  of  development  for  quality  work  with  the  average 
positive  film  should  be  3^  to  4  minutes.  Next,  we  believed  that  the 
requirement  of  uniformity  of  result  could  be  best  accomplished  by 
keeping  regulations  of  development  under  the  care  of  as  few  individuals 
as  possible.  Now,  following  this  line  of  reasoning,  we  must  have  our 
machines  operate  at  the  maximum  speed  commensurate  with  safe 
handling  of  the  film.  In  setting  this  maximum  safe  speed,  we  had  no 
precedent  to  guide  us  unless  we  consider  projecting  machines,  so 
with  this  in  mind  we  started  with  a  speed  of  60  feet  per  minute  as 
an  average.  By  simple  process  of  arithmetic,  we  find  that  with 
60  feet  per  minute  and  33^  minute  developer  we  must  have  approxi- 
mately 200  feet  in  developing  solution. 
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Slide  1. 

In  order  to  keep  within  this  basic  requirement  and  still  keep  the 
space  necessary  for  our  machine  within  reasonable  limit,  we  hit  upon 
a  horizontal  unit  system  (See  slide  No.  1)  comprising  in  each  unit  two 
parallel  shafts  spaced  six  feet  apart  upon  each  of  which  are  placed 
sixteen  flanged  rollers.  These  we  term  film  driving  shafts.  The 
film  is  wound  spirally  back  and  forth  over  these  rollers  in  a  horizontal 
position,  giving  us  sixteen  strands  of  film  twelve  feet  each,  thus  giving 
us  200  feet.  Now  when  these  shafts  are  rotated,  the  film  will  be  fed 
through,  due  to  weight  of  the  film  exerted  on  the  rollers.  Each  unit- 
is  provided  with  a  tank  on  an  elevator  which  when  raised  up  completely 
immerses  film  in  whatever  solution  may  be  in  the  tank.  The  tanks 
are  32//X78//X6//,  inside  and  hold  when  completely  filled  approxi- 
mately 40  gallons  of  liquid.  In  the  case  of  developer  and  wash  tanks, 
an  inside  overflow  compartment  is  provided  so  as  to  maintain  a 
constant  level,  with  liquid  in  circulation. 

The  film  driving  shafts  (See  slide  No.  2)  are  designed  so  as  to  be 
easily  removable  for  cleaning  or  repairs,  being  mounted  on  a  sliding 
bracket  which  can  be  removed  by  merely  dropping  tank  and  sliding 
out  in  its  entirety.  The  end  of  film  drive  shaft  has  a  pin  to  engage 
with  groove  in  jack  shaft  which  is  fastened  to  frame  of  machine. 
The  two  jack  shafts  of  each  unit  are  geared  together  bjr  means  of 
sprocket  and  chains. 

The  frame  of  the  machine  is  made  of  channel  iron  and  angle 
iron  which  are  extra  heavy  hot  galvanized. 
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Slide  2. 


The  machines  of  our  present  installation  (See  slide  No.  3) 
consist  of  dark  room  frame,  washing  and  tinting  frame,  and  dry 
chamber.  The  dark  room  frame  consists  of  one  unit  for  developer 
and  one  unit  for  fixing  bath. 

The  washing  and  tinting  frame  consists  of  one  unit  for  washing 
and  one  unit  for  tinting. 

The  drying  chamber  consists  of  four  units  arranged  in  vertical 
position  instead  of  horizontal  so  that  the  film  and  mechanism  will 
be  more  accessible. 

Now  let  us  follow  the  film  through  the  machine : 

First  the  printed  film  is  wound  onto  reels  holding  up  to  1200 
feet,  and  while  this  is  being  done  the  ends  of  rolls  of  stock  are  spliced 
together  by  means  of  eyelet  splice.  No  special  care  in  making  the 
splice  is  required  except  to  have  the  edges  of  film  in  fairly  good 
alignment.  The  splices  are  made  by  means  of  a  foot  press  which 
punches  and  rivets  at  one  operation.  The  eyelet  used  is  the  same 
as  is  commonly  used  for  fastening  papers  together. 


Slide  4. 

Now  the  reel  is  placed  upon  a  spindle  (see  slide  No.  4),  two 
spindles  being  provided,  and  the  end  of  film  spliced  to  the  end 
of  former  reel  by  means  of  eyelet  splice.  This  is  accomplished  without 
interruption  of  operation  of  machine  by  means  of  counter-weighted 
double  loop  rollers  which  when  in  their  extreme  upward  position 
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contain  about  40  feet  of  film,  allowing  the  film  to  be  locked  and 
while  loop  rollers  are  returning  to  their  lower  position,  thus  giving 
ample  time  for  making  splice.  Also  an  electric  bell  is  provided  to 
notify  the  operator  when  end  of  the  reel  is  approaching.  From 
the  reel,  the  film  passes  over  a  tension  roller  and  directly  into  de- 
veloper  solution    (See   Slide   No.   5).     The   operator   can   examine 


Slide  5. 

development  at  any  stage  as  the  whole  upper  half  of  the  film  in  the 
developer  is  in  plain  view,  being  about  Jl>  inch  under  the  surface  of 
developer.  We  have  found  that  a  good  and  safe  estimate  of  develop- 
ment may  be  obtained  by  examining  the  third  and  fourth  laps  as  they 
enter  the  developer.  The  third  lap  should  show  a  very  faint  outline 
and  the  fourth  lap  should  show  all  principal  objects  fairly  strongly. 
From  this  examination  the  operator  regulates  the  speed  of  the 
machines.  The  machine  is  provided  with  a  Reeves  Variable  Speed 
Drive  from  which  speeds  of  from  25  to  100  feet  per  minute  may  be 
obtained.  In  a  prominent  place,  we  have  provided  a  centrifugal 
speedometer  of  our  own  design  which  shows  plainly  the  speed  at 
which  the  machine  is  running. 

The  developing  solution  is  stored  in  a  tank,  holding  approx- 
imately 600  gallons,  on  a  lower  floor.  From  here,  it  is  pumped  by 
means  of  a  centrifugal  pump  to  the  developing  tanks  on  all  machines, 
and  the  overflow  returns  by  gravity  to  the  storage  tank.     (See  Slide 
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Slide  6. 

No.  6.)  The  circulation  is  at  such  a  speed  that  the  solution  in  the 
developing  tank  on  the  machine  is  renewed  about  once  every  six  or 
seven  minutes.  The  storage  tank  has  separate  cooling  coils  and 
heating  coils  immersed  in  solution  so  that  temperature  is  kept 
constant.  A  recording  thermometer  is  attached  to  the  storage  tank 
showing  the  temperature  at  all  times.  The  strength  of  developing 
solution  is  maintained  by  adding  a  certain  quantity  of  stock  solution 
for  every  one  thousand  feet  passing  through  machines.  The  film 
having  passed  through  developer  (see  Slide  No.  5)  now  passes  out 
and  then  passes  through  a  running  water  rinsing  tank.  Next  it 
passes  under  a  weighted  loop  roller  which  takes  care  of  expansion 
or  contraction  of  film  due  to  absorption  of  liquid.  In  connection 
with  this  loop,  each  unit  is  provided  with  a  clutch  for  the  regulation 
of  the  length  of  loop.  Also  a  warning  signal  of  ruby  light  and  electric 
bell  provided  to  warn  the  operator  when  the  loop  has  reached  nearly 
its  lowest  position.  The  film  next  passes  into  the  fixing  bath.  The 
fixing  bath  is  of  the  ordinary  hypo  to  which  is  added  an  acid  hardener 
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and  is  of  such  a  strength  that  the  film  is  fixed  when  halfway  through 
the  bath  when  the  machine  is  running  at  maximum  speed.  There  is 
no  circulation  of  fixing  bath;  the  bath  being  changed  completely  for 
about  every  seventy  thousand  feet  of  film  passing  through  the 
machine.  However,  the  hypo  solution  is  mixed  and  stored  in  a  tank 
on  the  lower  floor,  from  which  it  is  conveyed  by  means  of  a  positive 
plunger  pump  and  piping  to  the  various  fixing  tanks  on  all  machines. 
The  acid  hardener  being  quite  volatile  must  be  renewed  at  definite 
intervals.  Our  practice  has  been  to  add  a  pint  of  stock  solution  once 
an  hour  during  the  operation  of  the  machine.  We  have  arranged  a 
signal  clock  which  calls  this  to  the  operator's  attention. 


Slide  7. 

The  film  passes  from  the  fixing  bath  out  of  the  dark  room  through 
a  running  water  rinse  tank  and  in  front  of  an  examining  light.  (See 
slide  No.  7.)  The  wash  from  this  rinse  tank  is  collected  and  saved 
for  settling  of  silver  mud. .  The  examining  light  is  arranged  so  that 
the  film  may  be  stopped  momentarily  for  more  definite  examination. 
The  film  next  passes  into  the  wash  tank  where  it  is  consecutively 
subjected   to   the   spray  from   thirty-two    Webster   Mist   Nozzles. 

If  tinting  is  required,  we  next  pass  it  through  a  lower  unit 
and  tank  containing  tinting  solution. 

It  next  passes  over  a  series  of  counterweighted  elevator  rolls, 
(see  slide  No.  8),  ordinarily  not  in  use  and  which  will  be  described 
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later,  and  up  through  a  rinse  nozzle  and  then  through  a  compressed 
air  squeegee  nozzle  which  removes  all  the  surface  liquid.  For  this 
squeegee  nozzle  we  use  two  flat  streams  of  compressed  air  at  about 
25  pounds  per  square  inch  pressure,  about  .008  thick  and  the  same 
width  as  the  film,  striking  the  film  angularly  on  both  sides.  The  air 
used  for  squeegee  has  been  washed  and  filtered  of  all  dust  and  oil 
vapors. 

The  function  of  the  elevator  rollers  previously  spoken  of,  which 
are  placed  just  before  dry  chambers,  is  to  take  up  film  should  it 
be  necessary  to  stop  the  drying  chamber  mechanism  due  to  a  break 
or  for  any  other  cause.  These  elevator  rollers  consist  of  a  series  of 
three  or  four  counterweighted  rollers,  each  one  taking  care  of  approx- 
imately 50  feet  of  film,  which  act  automatically  in  rotation  when  the 
dry  chamber  is  stopped.  Thus  the  dry  chamber  attendant  is  given 
about  three  minutes  to  repair  breaks,  or  in  case  of  a  break  of  mech- 
anism or  stoppage  of  drying  air  system,  the  leader  may  be  inserted 
and  the  developer  tank  emptied  of  printed  film  so  that  there  may  be 
no  wasted  product. 

Between  the  driving  mechanism  of  the  machine  proper  and 
the  driving  mechanism  of  the  dry  chambers,  we  have  placed  a 
transmission  gearing.  By  means  of  shifting  a  lever,  the  attendant 
may  stop  the  mechanism  of  the  dry  chambers  or  he  may  run  the  dry 
chamber  mechanism  in  unison  with  the  remainder  of  the  machine, 
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or  he  may  speed  up  the  dry  chamber  about  40  per  cent  over  the 
speed  of  the  remainder  of  the  machine.  In  this  manner,  he  is  enabled 
again  to  take  up  the  film  he  has  on  elevator  loops  without  disturbing 
the  speed  of  the  remainder  of  the  machine. 


Slide  9. 


Now  to  take  up  the  dry  chambers.  This  has  been  divided  into 
four  compartments,  each  of  which  is  provided  with  a  unit  of  mechan- 
ism (See  slide  No.  9)  taking  approximately  200  feet  of  film.  Here 
the  film  is  fed  vertically  instead  of  horizontally.  The  top  line  of 
rollers  are  driven  and  the  lower  rollers  are  weighted  and  individually 
free  to  slide  up  or  down  about  eight  inches.  The  function  of  these 
weighted  rollers  is  to  allow  for  the  shrinkage  of  the  film  due  to  drying 
process.  Each  unit  is  provided  with  a  separate  clutch  and  mechanism 
to  operate  them  singly  or  in  any  predetermined  combination.  Now 
in  practice  the  attendant  watches  these  weighted  rolls  in  the  various 
units,  and  when  he  finds  eight  or  ten  of  them  in  any  one  unit  in  their 
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extreme  upper  position,  he  pulls  on  a  cable  (similar  to  conductor  bell 
cord)  (see  slide  No.  10)  at  the  proper  point,  so  as  to  stop  the  following 
units,  thus  allowing  weighted  rollers  to  resume  their  lowest  position. 
Each  compartment  is  provided  with  a  door  and  ample  space  is 
provided  so  that  an  attendant,  may  readily  enter.  The  house  is  of 
angle  iron  covered  with  galvanized  sheet  iron.  The  frame  is  also 
thoroughly  galvanized.  The  doors  are  of  glass  panel.  The  partitions 
between  compartments  are  of  glass.  Glass  windows  are  provided 
at  the  ends  so  that  no  matter  where  the  attendent  may  be  he  can 
readily  view  all  film.  The  doors  are  provided  with  felt  gaskets  and 
specially  constructed  latches  so  that  when  closed  they  are  practically 
air  tight. 

i  *  The  drying  air  is  forced  through  the  various  compartments  in 
the  opposite  direction  to  movement  of  film.  The  dry  air  enters  at 
the  top  of  the  last  compartment,  passes  under  the  glass  partition 
intonext  compartment,  and  so  on  under  and  over  until  it  passes 
out  at  the  top  of  first  compartment.     The  air  used  is  washed  and 
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conditioned  and  enters  the  last  drying  chamber  at  from  90°  to  95° 
dry  bulb  with  relative  humidity  of  30%  to  35%,  and  leaves  the 
first  drying  chambers  at  from  80°  to  85°  dry  bulb  and  relative  hu- 
midity of  about  40%  to  45%.  These  temperatures  may  seem  high 
but  the  vital  factor  and,  I  might  say,  the  only  one  affecting  the 
wet  film  is  the  wet  bulb  temperature.  That  is  from  70°  to  75°. 
With  our  air  conditioning  system,  it  can  never  go  over  the  latter 
figure.  Each  machine  has  an  available  supply  of  approximately 
2000  cubic  feet  of  air  per  minute.  However,  the  full  available  supply 
is  very  seldom  required.  Each  machine  is  supplied  with  an  adjustable 
sliding  damper,  which  the  attendant  regulates  so  the  film  will  leave 
the  drying  chamber  at  what  practice  has  determined  to  be  the  correct 
state  of  diyness.  This  in  the  case  of  standard  or  nitro-cellulose  base 
film  we  have  thought  to  be  when  the  film  is  apparently  dry  to  the 
eye  as  it  enters  the  last  compartment,  or  about  200  feet  before  it 
leaves  last  dry  chamber.  In  the  case  of  safety  or  acetate  cellulose 
base,  a  different  procedure  is  required  and  we  cut  our  air  down 
so  that  it  is  apparently  dry  only  about  50  feet  before  it  leaves  the 
last  compartment. 

It  might  be  interesting  to  describe  the  conditioning  of  the  air 
used  for  positive  drying.  The  air  is  first  passed  through  a  series 
of  mist  spraj^s.  This  removes  about  98%  of  solid  matter  and  cools 
the   air  to   approximately   50°.     The   cooling   is   accomplished   by 


Slide  11. 
173 


subjecting  the  water  used  for  spray  to  refrigerating  coils,  thus  keeping 
temperature  of  water  at  about  45°.  The  air  after  passing  through 
the  spray  encounters  a  series  of  baffles  which  tend  to  remove  any 
unabsorbed  moisture.  It  is  then  forced  through  thermostatically 
controlled  heating  coils  which  bring  it  up  to  the  prescribed  drying 
temperature.  The  variation  in  temperature  is  never  more  than  5%. 
However,  this  is  also  subject  to  hand  regulation  by  the  foreman  in 
charge  of  machines. 

After  the  film  leaves  the  dry  chamber  it  is  wound  upon  a  reel 
by  means  of  a  friction  drive  take-up.  Now  as  to  the  driving  mechan- 
ism. 

The  drive  (see  Slide  No.  11)  is  from  a  %  horse  power  motor 
of  1200  speed  through  a  worm  and  worm  gear  reduction  directly 
connected  to  Reeves  Variable  Speed  Drive.  The  motor  and  Reeves 
mechanism  are  placed  on  a  platform  directly  over  developing  unit. 
The  developer  is  protected  from  any  grease  or  oil  by  means  of  enamel 
pan  running  full  length  of  unit  and  overhanging  about  a  foot  on 
back  and  end.  This  pan  serves  the  two  fold  purpose  of  a  guard  for 
oil  and  a  reflector  for  Wratten  indirect  light  which  is  placed  directly 
over  the  center  of  the  developer  tank.  (See  Slide  No.  5.)  The  drive 
is  carried  down  from  Reeves  mechanism  to  main  drive  shaft  by  means 
of  a  perpendicular  shaft  and  spiral  gears.  The  main  drive  shaft, 
from  which  all  units  are  driven,  runs  horizontally  along  back  of  machine 
the  full  length  with  universal  joints  between  frames. 

Now  as  to  material  used  in  construction.  I  have  already  men- 
tioned the  material  of  the  frames.  The  film  rolls  or  spools  are  of 
hard  rubber  throughout.  The  shafts,  gears,  etc.,  are  of  monel  metal. 
The  brackets  are  of  bronze  castings  and  those  which  are  immersed  in 
solutions  are  rubber  coated.  (See  slide  No.  2.)  Where  shaft  bearings 
are  immersed  in  liquid  and  of  course  cannot  be  oiled,  we  have  monel 
metal  shaft  running  in  hard  rubber  bushing.  In  this  case,  the 
solution  acts  very  satisfactorily  as  a  lubricant  for  bearing.  Hard 
rubber  is  not  attacked  by  any  chemical  used  in  our  photographic 
processes.  Monel  metal  after  two  and  a  half  years  in  developer 
solution  shows  no  corrosion  whatever.  Monel  metal  after  two  and 
a  half  years  in  acid  hypo  solution  shows  some  corrosion.  However, 
this  is  not  an  even  corrosion  but  it  seems  to  attack  the  metal  mostly 
in  the  spots  where  the  copper  has  not  been  thoroughly  amalgamated. 
We  have  found  the  worst  case  of  corrosion  was  on  the  monel  metal 
immersed  in  the  hypo  rinse  tank.  In  these  tanks  we  have  substituted 
a  more  pure  nickel  alloy  with  satisfactory  results. 

The  developer  circulating  pipes  are  of  hard  rubber  throughout. 
The  circulating  pump  is  of  the  centrifugal  type  and  is  also  of  hard 
rubber.  The  developer  solution  has  a  tendency  to  coat  the  hard 
rubber  with  an  insoluble  deposit.  However  this  deposit  is  readily 
soluble  in  a  strong  acid  solution.  We  have  found  it  advisable  to 
clean  the  developer  rolls  with  an  acid  solution  about  once  every 
three  months,  and  to  clean  the  circulating  pump  arid  pipes  in  a 
similar  manner  about  once  a  year. 
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The  hard  rubber  rollers  immersed  in  hypo  and  the  hard  rubber 
pipe  for  carrying  the  hypo  solution  require  no   attention  whatsoever. 

The  question  of  lasting  quality  of  developing  bath  has  often  been 
asked  by  persons  unfamiliar  with  the  operation  of  our  machine,  the 
idea  being  that  oxidation  would  take  place  rapidly  due  to  so  much  air 
surface  of  developer.  I  am  not  going  to  try  to  prove  the  fallacy  of 
this  theory,  which  I  am  sure  could  be  proven  false,  but  I  will  quote 
our  experience.  The  first  600  gallons  of  developer  we  mixed  up  was 
used  for  sixteen  months  continuously  and  we  found  it  necessary  to 
change  only  because  of  accumulation  of  dirt  and  mud.  Since  then 
we  have  adopted  a  plan  of  changing  partially  every  six  months.  I 
might  say  that  we  develop  negative  titles  and  such  work,  which 
requires  very  strong  blacks,  at  a  speed  as  low  as  20  to  25  feet  per 
minute  without  any  tendency  to  fog  whatsoever.  This  would  be 
impossible  in  the  old  hand  tank  methods.  We  have  found  it  quite 
practical  to  develop  28  M  M  or  safety  standard  on  our  machine 
without  any  change  whatever. 

Another  question  often  asked  is  the  time  required  to  thread  the 
machine.  The  machine  is  never  unthreaded.  At  the  end  of  the  day 
or  any  time  it  is  necessary  to  stop  the  machine,  an  unperforated 
celluloid  leader  is  attached  and  run  through  the  machine.  This 
leader  will  last  in  satisfactory  condition  about  one  year. 

In  conclusion,  it  might  not  be  out  of  place  to  compare  results  of 
hand  and  machine  development. 

First,  there  is  a  large  saving  of  labor  in  the  developing  depart- 
ment. Secondly,  we  are  able  to  obtain,  a  more  uniform  product. 
Third,  we  are  able  to  eliminate  99%  of  the  troubles  due  to  careless 
handling,  viz.,  scrapes,  floor  dirt,  bruises,  finger  prints,  air  bells, 
splashes,  frame  unevenness,  etc. 

Now  take  the  product  in  the  assembling  room.  We  find  we  have 
cut  the  number  of  splices  required  in  half.  For  now  we  can  print  in 
as  large  rolls  as  we  are  able  to  handle  satisfactorily.  As  a  matter  of 
fact,  we  do  print  the  positive  in  1000  foot  reels.  However,  we  have 
not  as  yet,  been  able  to  prepare  our  negatives  for  printing  in  1000 
foot  rolls,  for  reasons  which  pertain  purely  to  our  printing  arrange- 
ment. This  has  brought  about  a  quite  appreciable  saving  of  labor  in 
assembling  rooms. 

By  the  hand  method  of  development,  all  film  had  to  be  polished 
on  the  celluloid  surface.  The  film  coming  from  our  machine  method 
has  not  a  trace  of  water  mark  or  streak  on  the  celluloid  surface, 
so  that  this  operation  has  been  eliminated  entirely. 

In  the  projecting  room  the  inspectors  are  able  to  increase  greatly 
the  amount  and  efficiency  of  their  work  for  now  they  have  none  of  the 
defects  in  the  film  formerly  caused  by  careless  handling.  This  also 
makes  the  work  of  the  canning  (or  final  inspection)  department 
much  lighter,  and  tends  toward  an  improved  product. 

I  venture  to  say  that  the  non-essential  splices  in  our  product 
have  been  decreased  about  75%  by  the  use  of  developing  machines. 
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DISCUSSION 

Mr.  Cook:  To  me,  Mr.  Hubbard's  paper  is  one  of  the  most 
interesting  we  have  ever  had.  I  should  like  to  ask  him  a  few  questions 
in  connection  with  the  practical  operation  of  it.  How  often  is  there 
an  interruption  from  a  break,  such  as  a  stock  splice? 

Mr.  Hubbard:  On  an  average,  you  have  one  in  each  machine 
in  a  day.  The  breaks  are  often,  as  you  say,  in  a  splice  which  has 
been  improperly  made,  and,  also,  there  is  some  difficulty  with  the 
film  being  partially  broken,  and,  of  course,  the  operator  who  puts  it 
on  a  reel  does  not  notice  it.  The  breaks  are  usually  in  the  corner  of 
a  perforation.  Along  that  line,  I  will  say  that  I  have  kept  a  definite 
record  of  the  amount  of  waste  due  to  the  accidents  on  the  developing 
machine,  also  due  to  being  thrown  out  by  the  inspector  due  to  under- 
or  overdevelopment,  and  I  have  found  that  the  average  waste  for  six 
months  has  been  less  than  a  quarter  of  1%;  it  is  .0019%,  I  think. 

Mr.  Cook:  When  a  break  occurs  in  the  developing,  rinsing,  or 
fixing  solution,  is  it  possible  to  put  in  a  riveted  splice  at  that  point, 
and  does  the  idler  mechanism  allow  that? 

Mr.  Hubbard:  In  the  washing  and  fixing  mechanism  the  idler 
mechanism  does  not  control,  and  when  films  break  in  these  mechan- 
isms it  is  necessary  to  stop  the  machine,  losing  whatever  film  is  in  the 
developing  tank.  Often  when  a  break  threatens  there,  it  is  repaired 
before  the  break  occurs  because  it  is  under  the  eye  of  the  operator 
all  the  time,  and  if  he  sees  a  weak  splice  or  a  break  in  the  film,  he  can 
repair  it  as  the  machine  is  running. 

Mr.  Richardson:  You  said  in  the  rollers  in  the  drying  tank 
rooms  there  was  a  vertical  lift  of  6  or  8  inches  to  take  care  of  expan- 
sion, and  then  said  if  8  or  10  rollers  got  up  to  the  top,  you  stop  the 
others  for  compensation.  That  means  there  are  about  80  inches  of 
shrinkage. 

Another  question  on  a  matter  of  interest  to  exhibitors  and  others 
owning  films:  This  is  of  interest  to  the  old  exhibitors;  in  the  old  days, 
they  used  to  add  glycerine  to  the  final  solution,  which  had  the 
property  of  attracting  moisture  and  kept  the  films  moist  longer 
than  those  that  did  not  have  it.    Is  that  still  done? 

Mr.  Hubbard:  With  regard  to  drying  rollers,  I  don't  know 
exactly  what  the  contraction  is — it  is  not  expansion — but  I  do  know 
that  about  once  an  hour  it  is  necessary  for  the  attendant  to  lower 
the  rollers. 

Mr.  Richardson:  But  that  means  about  60  inches  of  contrac- 
tion. 

Mr.  Hubbard:  There  are  4000  feet  going  through  in  that  time. 
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We  have  not  used  glycerine  for  years.  I  don't  know  what  the 
practice  has  been  in  other  places,  but  we  have  not  used  it. 

Me.  Kelley:  I  didn't  quite  understand  from  the  pictures  how 
much  of  the  film  was  immersed  and  how  much  was  in  the  air. 

Mr.  Hubbard:  Well,  if  I  understand  you,  Mr.  Kelley,  you  mean 
in  the  developing  solution? 

Mr.  Kelley:  Yes. 

Mr.  Hubbard:  There  are  196  feet  in  the  developing  solution 
and  approximately  8  feet  after  leaving  the  developing  solution 
before  it  strikes  the  rinsing  tank.    The  8  feet  are  in  the  air. 

Mr.  Kelley:  Are  the  rollers  submerged? 

Mr.  Hubbard:  They  are  a  half  inch  under  the  surface  of  the 
solution,  in  plain  view,  and  for  closer  examination  they  lift  up 
one  strand.  It  is  impossible  to  get  even  developing  unless  it  is 
under  the  surface.  We  tried  it  at  first  half  and  half  out,  but  we 
could  not  do  this,  so  it  is  always  under  the  solution. 

Mr.  L.  A.  Jones:  In  regard  to  the  point  raised  by  Mr.  Richard- 
son, I  should  like  to  point  out  that  the  shrinkage  of  film  between  the 
wet  condition,  as  it  comes  from  the  processing  machine,  and  the 
dry  condition,  as  it  leaves  the  drying  chamber,  is  approximately 
.6%.  Now,  as  Mr.  Hubbard  pointed  out,  4000  feet  of  film  goes 
through  the  machine  in  one  hour.  The  contraction,  therefore,  is 
.6%  of  4000  feet  or  24  feet.  I  think  this  accounts  amply  for  the 
necessity  of  modifying  the  take-up  rate  as  was  pointed  out  by  Mr. 
Hubbard  in  his  paper. 

Mr.  Richardson:  I  had  no  idea  there  was  that  much  con- 
traction in  film  stock. 

Mr.  Renwick:  I  should  like  to  ask  Mr.  Hubbard  what  diffi- 
culties he  finds  in  compensating  for  irregularities  of  exposure  in  the 
case  of  series  of  short  lengths  of  film  spliced  together  of  which  some 
may  have  been  very  differently  exposed  from  others. 

Mr.  Hubbard:  This  machine  is  used  for  positive  development 
only.  We  have  not  tried  negative  development  with  it,  and  negative 
is  timed  evenly,  so  that  the  exposure  practically  compensates,  and 
all  of  it  is  developed  in  practically  the  same  time.  We  have  to 
contend,  of  course,  with  variations  in  the  emulsion  and  the  printing 
light,  which  we  cannot  overcome  entirely,  although  we  have  put  in  an 
elaborate  equipment  to  control  voltage  and  so  forth,  but  these 
variations  have  long  curves,  and  they  do  not  require  any  sudden 
changes.  There  is  also  a  variation  in  subjects.  If  we  get  a  reel 
of  one  subject  which  may  have  been  timed  differently  from  another, 
it  may  be  slower,  and  in  this  case  we  put  a  leader  in  between  so  as  to 
change  the  speed  of  the  machine. 

Mr.  Capstaff:  I  don't  think  Mr.  Hubbard  informed  us  how 
many  men  it  took  to  operate  the  machine. 

Mr.  Hubbard:  We  have  those  machines  arranged  in  pairs,  right 
and  left,  and  each  pair  of  machines  has  one  developer,  one  attendant 
to  load  it,  that  is,  rewind  the  film,  and  load  it  before  the  reel  is 
put  on  and  two  dry  room  attendants,  so  that  there  are  four  men 
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for  each  two  machines.  For  four  machines  we  have  eight  men  and 
a  foreman.  I  might  say  that  before  we  put  these  machines  in  we 
employed  for  less  work  from  twenty  to  thirty  men  in  this  department. 

Mr.  Crabtree:  In  reply  to  Mr.  Richardson  with  regard  to 
the  use  of  glycerine,  I  think  there  is  no  question  that  a  bath  of  a 
weak  solution  of  glycerine  tends  to  prevent  abnormal  brittleness 
of  the  film  when  subjected  to  heat  in  the  projection  room.  In  the 
old  days  glycerine  was  frequently  used  but  was  later  abandoned 
because  it  was  so  messy  on  the  drying  reels. 

I  have  had  in  mind  for  some  time  that  some  of  the  laboratory 
men  might  try  out  a  weak  solution  of  glycerine  before  the  film 
passes  through  the  drying  chamber,  and  possibly  Mr.  Richardson 
could  have  films  treated  in  this  way  compared  with  plain  samples 
with  regard  to  their  propensity  to  dry  out  under  severe  conditions 
of  projection.  Perhaps  Mr.  Richardson  and  Mr.  Hubbard  would 
co-operate  with  us  in  this  direction. 

Mr.  Richardson:  I  should  be  glad  to  co-operate,  of  course. 

Mr.  Hubbard:  I  say  the  same. 

Mr.  Crabtree:  One  thing  I  didn't  quite  understand.  What  is 
the  object  of  raising  and  lowering  the  tanks?  Is  it  to  facilitate  making 
splices  if  the  film  breaks  in  the  tank? 

Mr.  Hubbard:  It  is  to  take  the  tank  out  and  clean  it.  It  is 
taken  out  at  least  once  a  week  and  washed  out  thoroughly. 

Mr.  Crabtree:  The  sliding  joint  which  Mr.  Hubbard  described 
is  interesting.  Do  you  use  a  rubber  gasket  in  the  joint,  or  does  one 
tube  fit  tightly  over  the  other? 

Mr.  Hubbard:  One  inside  the  other;  it  is  not  a  tight  joint  but 
merely  a  loose  fitting  sliding   connection  for   overflow   of   liquid. 

Mr.  Kelley:  I  think  the  Nomenclature  Committee  might 
take  note  of  this  device.  Mr.  Crabtree  calls  it  a  processing  machine 
and  Mr.  Hubbard  calls  it  a  developing  machine.  It  is  more  than 
this,  because  it  will  tone,  tint,  and  so  forth. 

Mr.  Hubbard:  I  think  the  proper  term  is  "processing"  machine, 
although  some  one  might  get  a  better  one. 
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SPROCKETS  AND  SPLICES 

By  Eael  J.  Denison 

WHEN  pictures  first  began  to  be  used  for  entertainment,  the 
question  of  splicing  and  continuity  was  given  practically  no 
consideration  whatever,  and  it  was  thought  that  all  that  was 
necessary  to  patch  a  film  was  simply  to  stick  the  two  pieces  of  film 
together,  and  this  was  done  in  the  crudest  manners,  without  any 
knowledge  on  the  part  of  the  people  who  inspected  the  films  of  what 
was  required  of  the  film  in  the  theatres.  Furthermore,  at  the  time 
which  I  mention,  everybody  was  making  so  much  money  in  the 
picture  business  that  it  overshadowed  any  damage  to  film,  or  damage 
to  presentation  through  lack  of  proper  handling  of  film.  After 
everybody  got  a  little  experience  and  more  education  in  the  picture 
game,  and  profits  were  not  so  great,  it  began  to  dawn  upon  the 
distributors  that  film  damage  was  causing  them  great  sums  of  money, 
as  prints  were  being  returned  to  exchanges  practically  unfit  for 
further  use,  and  they  immediately  took  the  operators  to  task,  (opera- 
tors, now  more  properly  called  projectionists)  for  the  film  damage. 
In  1919,  I  was  hired  by  the  Famous  Players-Lasky  Corporation 
to  investigate  and,  if  possible,  determine  the  real  cause  for  the 
great  amount  of  excess  film  damage  they  were  having  at  that  time. 
I  visited  practically  everyone  of  our  twenty-eight  or  thirty  offices, 
at  that  time,  and  followed  up  specific  cases  of  film  damage  by  visiting 
theatres  from  which  film  had  been  returned,  and  examining  the  condi- 
tion of  projectors,  I  soon  learned  that  although  the  film  was  actually 
damaged  in  the  theatres,  the  real  cause  would  be  found  in  our  ex- 
changes. 

I  then  started  an  investigation  of  inspection  and  splicing  condi- 
tions in  our  exchanges,  and  at  the  same  time  making  a  great  many 
experiments  and  tests  myself.  I  soon  discovered  that  at  least  75% 
of  our  damage  was  due  to  improper  handling  and  splicing  of  film  in 
exchanges,  caused  by  ignorance  on  the  part  of  inspectors,  improper 
equipment  and  methods.  Practically  everyone  of  the  exchanges  had 
their  own  method  for  making  splices,  and  each  individual  inspector 
had  her  own  pet  way  of  making  a  splice. 

At  that  time  most  of  the  splices  were  made  by  what  is  known  as 
the  "wet  method."  That  is,  the  emulsion  was  moistened  in  order 
that  it  could  be  easily  removed.  There  was  practically  no  effort 
made  to  match  the  film  so  that  the  lap  would  just  cover  the  scraped 
part,  which  is  so  necessary  in  making  a  splice.  There  were  no  devices 
in  use  to  make  a  straight  line  across  the  film,  neither  was  there 
anything  used  to  give  a  positive  register  to  the  sprocket  holes. 
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Also  at  this  time  the  most  common  and  practically  only  kind  of 
a  splice  being  made  in  the  exchanges,  as  well  as  by  the  operators, 
was  known,  and  is  still  known  today,  as  the  "full  hole  splice."  Fur- 
thermore, at  the  time  of  which  I  speak,  there  were  no  adequate 
machines  or  devices  on  the  market  for  making  splices,  so  I  developed 
several  rather  crude  affairs,  in  order  that  the  film  could  be  a  little 
bit  more  speedily  handled  and  at  the  same  time  insure  a  better 
splice.  However,  these  methods  were  entirely  hand  methods  and 
did  not  seem  to  be  much  use  in  improving  our  film  conditions. 

I  soon  learned  that  in  order  to  improve  conditions,  my  first  job 
was  to  standardize  on  the  method,  as  well  as  equipment,  and  we  also 
began  an  educational  program  in  our  exchanges,  teaching  inspectors 
something  about  the  film  itself,  as  well  as  what  was  required  of  the 
film  in  theatres,  and  enlightened  them  as  much  as  possible  along 
these  lines.  However,  the  turnover  of  the  personnel  in  our  inspection 
departments  was  so  great  that  we  never  found  the  same  bunch  of 
inspectors  in  an  exchange  on  our  next  visit.  Our  next  step  was  to 
put  each  department  in  charge  of  a  supervisor.  In  doing  this  we 
endeavored  to  install  the  girl  who  had  shown  the  greatest  intelligence 
in  the  handling  of  the  film. 

These  methods  improved  film  conditions  considerably,  but  we 
were  still  receiving  quite  a  lot  of  complaints  and  our  film  damage 
continued. 

We  had  great  trouble  with  film  cements.  A  number  of  different 
brands  were  on  the  market  and  practically  every  brand  being  used 
more  or  less  in  different  localities.  We  kept  on  the  lookout  for  some 
kind  of  device  that  would  register  the  film  and  apply  a  pressure  to 
the  splicing,  as  we  learned  that  it  was  practically  impossible  to  make 
a  lasting  splice,  unless  a  uniform  pressure  was  applied  to  it. 

Our  next  step  was  to  install  what  was  commonly  known  as  a 
patch  plate.  This  was  the  first  real  step  in  improving  film  conditions. 
Next  we  did  away  with  the  wet  method  of  splicing  and  standardized 
on  the  dry  scraping  method,  and  we  soon  learned  that  razor  blades 
were  about  the  worst  thing  we  could  use  in  this  Work,  as  the  job  of 
removing  emulsion  from  film  is  a  scraping  job,  and  therefore  required 
a  scraping  edge.  So  we  adopted  a  standard  scraping  tool,  which 
was  nothing  more  than  a  flat  piece  of  flexible  steel,  ground  to  a 
scraping  edge,  and  not  to  a  cutting  edge. 

With  the  adoption  of  these  various  methods  and  equipment  and 
continual  education,  film  conditions  began  to  show  considerable 
improvement. 

About  the  time  that  this  work  was  being  carried  on,  I  was  con- 
tinually experimenting  and  investigating,  not  only  the  film  itself, 
but  made  hundreds  of  tests  with  splices  of  various  widths  and 
different  kinds  of  film  cement. 

It  next  dawned  upon  me  that  the  proper  splicing  of  film  consisted 
of  two  distinct  operations,  and  unless  both  were  properly  used,  that 
neither  one  meant  anything.  In  other  words,  no  matter  if  the 
film  was  perfectly  cut  and  scraped,  we  would  not  get  a  good  splice 
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unless  the  cement  was  in  good  condition,  and  properly  applied  to  the 
film.  So  our  next  step  was  to  equip  our  inspectors  with  a  certain 
type  of  bottle,  fitted  with  a  cork  and  cement  brush  that  would 
insure  the  cement  being  kept  in  good  condition. 

We  experimented  a  great  deal  with  various  sizes  and  kinds  of 
brushes,  and  we  finally  adopted  a  brush  so  adjusted  in  the  cork  that 
it  would  dip  just  the  proper  amount  of  cement  to  cover  the  scraped 
part  of  the  film.  I  think  this  did  more  to  eliminate  buckled  splices 
than  anything  up  to  this  time. 

We  also  discovered  that  a  great  deal  of  our  damage  was  due 
to  the  splices  being  too  wide  to  conform  to  the  periphery  of  the 
sprocket  wheels,  and  the  wide  splices  that  we  were  making  gave  too 
much  leeway  in  cutting  the  film,  so  that  we  found  it  was  very  hard  to 
keep  the  splices  within  the  limits  required  by  the  sprocket  wheels. 
We  therefore  changed  our  type  of  splicing  and  started  making  the 
splices  between  the  sprocket  holes,  which  at  least  insured  us  that 
the  splices  would  not  be  too  wide.  We  soon  learned,  however,  that 
the  projectionists  had  all  learned  to  make  a  full  hole  splice  and  it 
was  the  only  type  of  splice  considered  by  them,  strong  enough 
to  pass  the  projector  without  breaking,  and  in  view  of  the  fact  that 
managers  would  not  stand  for  breaks  during  projection,  the  pro- 
jectionists began  removing  all  of  our  splices  and  making  the  full 
hole  splice,  generally  very  wide,  wider  than  our  original  splice,  and 
the  use  of  too  much  cement  caused  the  splices  to  invariably  buckle 
and  when  the  film  was  returned  to  the  exchange,  it  was  found  neces- 
sary to  remove  about  75%  of  the  projectionist's  splices.  We  soon 
learned  that  we  had  developed  a  splicing  battle  between  the  inspectors 
and  projectionists,  and  realizing  that  the  only  two  people  actually 
handling  the  film  were  the  projectionists  and  inspectors,  we  decided 
to  give  the  projectionist  the  kind  of  splice  he  wanted,  so  we  went 
back  to  the  full  hole  splice  and  used  more  pains  and  care  than  ever 
before  in  keeping  the  splices  narrow.  We  found  it  was  better  to  give 
the  operator  the  splice  he  wanted  than  it  was  to  be  continually 
cutting  the  film  at  the  points  of  splicing,  even  though  we  felt  that  it 
was  not  the  proper  kind  of  splice. 

In  the  meantime  the  laboratories  had  adopted  the  Bell  &  Howell 
Negative  Splicing  Machine,  which  made  a  splice  about  l/32nd  of 
an  inch  wide,  or  about  the  width  of  the  frame  line.  The  laboratories 
found  it  necessary  to  keep  their  splices  narrow,  some  of  them  having 
trouble  in  printing  machines  with  hand  made  splices. 

These  splices  worked  so  well  in  negatives  that  someone  had  the 
happy  idea  that  they  would  be  good  for  positive,  so  they  started  mak- 
ing a  splice  in  the  positive  with  the  Bell  &  Howell  machine,  and  almost 
immediately  a  cry  went  up  all  over  the  country  that  the  splices  were 
all  falling  apart.  A  quick  and  thorough  investigation  of  this  proved 
that  their  cry  was  well  founded,  and  that  the  splices  were  not  suf- 
ficiently wide  to  stand  up  under  projection  conditions.  But  the 
splice  worked  so  well  in  the  negative,  that  finally  certain  laboratories 
asked  the  Bell  &  Howell  people  to  adjust  their  machines  for  a  positive 
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splice.  This  was  done  and  the  splice  then  made  in  this  machine,  in 
our  laboratories,  was  practically  the  same  width  as  we  had  made 
by  hand  in  our  exchanges,  but  which  we  had  to  discontinue  for 
reasons   already   given. 

During  all  of  this  investigation,  experiments  and  education,  we 
learned  that  there  were  only  a  very  few  causes  for  poor  splicing,  and 
if  we  entirely  eliminated  these  causes,  it  would  practically  eliminate 
film  damage,  as  well  as  greatly  improve  presentation  of  pictures  in 
theatres. 

These  causes  can  readily  summed  up  as  follows : 

1 — Failure  to  entirely  remove  the  emulsion  from  the  surface  of 
the  splice. 

2 — Excess  scraping  of  celluloid  after  emulsion  had  been  removed 
making  the  base  too  thin. 

3 — Cement  in  bad  condition  causing  splices  to  come  open. 

4 — The  use  of  too  much  cement  causing  splices  to  buckle. 

5 — Imperfect  registration  of  the  sprocket  holes. 
We  eliminated  the  most  of  these  faults  by  various  methods  and 
devices  until  we  were  satisfied  that  we  had  gone  as  far  as  was  humanly 
possible  to  do  so,  in  the  manual  splicing  of  films. 

And  about  this  time  the  standard  film  laboratories  of  Hollywood 
got  the  Bell  &  Howell  people  to  adjust  their  machines  so  that  they 
would  make  a  full  hole  splice  and  narrow  enough  to  conform  to  the 
periphery  of  sprocket  wheels,  as  the  standard  laboratories  had  learned 
exactly  as  I  had  learned,  that  the  wide  splice  was  bad,  but  that  the 
operators  desired  a  full  hole  splice,  and  it  was  practically  impossible 
to  make  this  splice  by  hand. 

After  installing  several  of  these  machines  I  closely  watched  results 
of  this  new  splice,  and  soon  found  these  splices  were  standing  up  far 
beyond  our  fondest  hopes,  that  the  operators  were  accepting  them 
and  were  not  cutting  them  out,  and  our  films  were  not  receiving 
anywhere  near  the  amount  of  damage  they  had  been. 

We  recently  completed  a  60-day  test  of  the  Bell  &  Howell 
machine  in  one  of  our  exchanges  and  the  results  were  so  satisfactory 
that  it  is  now  only  a  question  of  time  until  we  install  splicing  machines 
in  all  of  our  exchanges. 

In  our  educational  work  and  inspection  of  inspectors,  we  never 
lost  sight  of  the  fire  hazard  and  did  everything  in  our  power  to  keep 
the  fire  hazard  in  our  exchanges  down  to  a  minimum. 

Last  fall  I  made  a  one  reel  picture  showing  the  right  and  wrong 
way  of  splicing  and  handling  of  films  in  our  exchanges,  and  we  are 
of  the  opinion  that  the  picture  did  more  to  educate  our  inspectors 
in  the  proper  handling  of  film,  than  anything  we  had  done  before. 

I  very  recently  finished  another  picture  showing  exactly  how 
poor  splicing  caused  damage  and  marred  screen  presentation .  Am 
very  glad  to  be  able  to  show  this  film  to  you  and  it  will  give  you  a  very 
good  idea  of  what  we  have  learned  about  film  and  film  splicing,  and 
what  we  are  doing  to  eliminate  film  damage  and  poor  presentation 
of  our  pictures. 
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DISCUSSION 

Mr.  Capstaff:  I  should  like  to  ask  Mr.  Denison  if  the  slow 
motion  pictures  were  secured  by  using  a  high  speed  camera  or  by 
running  projector  at  slow  speed. 

Mr.  Denison:  I  will  try  to  tell  you  about  that  later,  but  it  is 
quite  a  long  story.  We  used  the  high  speed  camera  and  the  ultra 
speed  camera.    This  picture  is  about  ninety  times  slower  than  normal. 

We  ran  into  great  difficulties  making  this  picture  because  of  the 
heat  generated  from  the  arc.  Most  of  the  time  we  used  three  Ash- 
craft  arcs,  which  are  somewhat  smaller  than  the  Sunlite,  and  the 
heat  was  so  strong  that  we  had  trouble  with  the  film  curling.  We  had 
to  set  one  arc,  cut  that  off,  put  in  another,  and  so  on.  until  all  lights 
were  set.  The  heat  was  so  intense  that  we  had  to  keep  a  screen  in 
front  of  the  projector  until  we  were  ready  to  shoot. 

Mr.  Griffin:  I  think  Mr.  Denison  should  be  highly  compli- 
mented on  his  work  and  I  suggest  that  the  film  be  circulated  through 
the    "Operators'    Locals." 

Mr.  Denison:  We  have  considered  this,  and  the  only  thing 
that  is  holding  us  back  is  that  we  want  to  be  sure  that  the  picture 
gets  the  proper  showing. 

Mr.  Capstaff:  I  wonder  if  Mr.  Denison  could  tell  us  anything 
about  the  cements  used  in  these  experiments. 

Mr.  Denison:  Yes.  We  used  several  brands  put  out  by 
supply  houses  and  also  Eastman  cement,  which  is  now  standard  in  all 
our  exchanges.  The  buckling  of  the  splice  is  caused  by  the  use  of  too 
much  cement  rather  than  the  cement  itself.  Cement  attacks  the  cellu- 
loid base  and  softens  it  and  if  too  much  cement  is  used  the  whole 
celluloid  base  is  softened  instead  of  only  the  surface. 

Mr.  Richardson:  I  should  like  to  call  the  attention  of  this 
distinguished  convention  to  the  fact  that  this  is  the  first  time  you 
have  ever  witnessed  a  visual  demonstration  of  that  which  at  times 
has  caused  you  to  laugh  at  me.  Mr.  Denison  has  done  a  piece  of  work 
that  will  do  more  actual  good  to  the  industry  in  the  next  year,  if  it  is 
properly  handled,  than  a  half  dozen  of  our  meetings.  I  have  arranged 
for  him  to  take  this  film  through  the  East,  because  it  hits  at  the 
root  of  one  of  the  greatest  evils  we  have.  Apparently  even  film 
exchanges  are  beginning  to  realize  the  evils  of  the  past.  Mr.  Denison 
is  to  be  highly  complimented. 

I  should  like  to  ask  him  what  effect  he  has  found  in  rubbing  the 
cement  on  and  flowing  it  on,  and  what  difference  he  has  found  the 
conditions  of  the  atmosphere  to  have  in  making  the  splices.  Film 
cement  absorbs  moisture,  and  in  wet  weather  splices  are  not  as  strong 
as  in  dry  weather. 
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Mr.  Denison:  We  have  found  from  time  to  time  that  cement 
which  has  been  working  all  right  suddenly  will  not  work  at  all,  due 
to  the  absorption  of  moisture.  We  got  around  this  by  devising  a 
flanged  stopper  for  the  cement  container.  It  is  so  constructed  that 
it  is  only  neeessaiy  to  stick  the  cement  brush  in  the  neck  of  the 
container  and  let  go.  The  stopper  holding  the  cement  brush  closes 
the  bottle  by  automatically  falling  in  place  due  to  gravity.  We  also 
change  the  cement  once  or  twice  daily.  We  don't  flow  the  cement  on, 
and  we  don't  rub  it  on,  but  we  use  a  happy  medium.  We  drain  the 
brush  somewhat  and  use  a  little  pressure  on  the  brush  in  applying 
the  cement.  We  use  a  special  imported  camel's  hair  brush,  carefully 
selected  for  softness,  length  and  number  of  bristles.  This  brush  was 
adopted  as  standard  after  much  experimenting  with  all  kinds,  shapes, 
and  sizes  of  brushes. 

Mr.  Richardson:  The  reason  I  asked  this  is  that  the  Eastman 
Kodak  Company  reported  that  if  the  cement  is  rubbed  on  by  brushing 
there  would  be  points  on  the  splice  where  the  contact  is  not  good. 
Another  thing  is  that  I  have  found  great  damage  to  be  caused  in 
thousands  of  theatres  by  having  the  two  elements  of  the  rewinder 
out  of  line.  I  have  also  found  this  same  thing  in  many  exchanges 
I  have  visited. 
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REPORT  OF  PROGRESS  COMMITTEE 

New  Home  Projector 

T  IS  reported  that  a  great  deal  of  research  work  and  new  develop- 
mental work  is  being  done,  but  we  are  advised  that  at  the  present 
time,  definite  information  cannot  be  divulged.1 

Transmission  of  Photographs  by  Radio 

In  regard  to  the  latest  discovered  application  of  our  apparatus 
for  the  transmission  of  photographs,  etc.,  by  radio,  namely,  the 
transmission  of  Chinese  and  Japanese  messages  in  native  characters, 
samples  of  which  I  am  enclosing,  this  is  the  first  time  in  history  that 
a  citizen  of  China  or  Japan  has  been  able  to  send  a  message  by  radio 
or  by  wire  to  his  countryman  in  native  characters.  While  the 
Chinese  and  Japanese  can  read  each  other's  characters,  these  charac- 
ters represent  ideas,  not  words,  and  so  it  has  heretofore  been  impos- 
sible to  transmit  these  ideographs  by  wire  or  by  wireless. 

This  difficulty  was  strikingly  illustrated  during  the  Armament 
Limitation  Conference,  when  the  public  discovered,  through  a 
newspaper  article,  that  the  Japanese  must  transfer  his  ideographs 
into  English  code  figures,  which  could  then  be  sent  by  dot-and-dash 
wireless  code  to  Japan,  where  it  must  be  decoded  from  dot-and-dash 
into  English  figures  and  from  English  figures  into  original  Japanese 
ideographs.     The  code  book  employed  is  quite  a  large  volume. 

My  scheme,  being  a  photographic  means,  conveys  the  message 
in  native  characters,  relieving  the  operators  of  all  responsibility,  that 
is,  I  actually  produce  at  the  receiving  station  a  photograph  of  the 
original  message,  and  it  is  just  as  easily  done,  perhaps  easier,  than  the 
sending  of  photographs,  in  which  method  Ave  have  attained  quite  a 
high  degree  of  proficiency.2 

Reflector  Type  Projection  Lamp 

Attention  has  been  called  to  the  development  of  the  reflector 
type  of  projection  lamp  but  no  specific  data  has  been  received.3 

Bi-Ocular  Projection 

Attention  has  been  called  to  the  development  of  the  Allen  Bi- 
Ocular  Projection  by  means  of  which  a  setting  is  projected  for  the 
picture,  in  colors,  but  no  specific  data  has  been  received.4 

1  Contributed  by  H.  Griffin. 

-  Contributed  by  C.  Francis  Jenkins. 

3  Contributed  by  F.  H.  Richardson. 

4  Contributed  by  F.  H.  Richardson. 
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German  Hand  Booh 

"Kinotechnisches  Jahrbuch  1922-1923"  has  been  issued  which 
apparently  is  very  complete  and  which  will  be  reported  upon  by  the 
Standards  Committee.5 

Cameras 

The  Bell  &  Howell  Company  have  recently  incorporated  in  their 
standard  professional  Camera  a  focusing  arrangement  which  permits 
of  focusing  directly  on  the  subject  through  the  film  in  the  photograph- 
ing aperture.  A  right  angle  prism  is  employed,  and  a  magnifier 
mounted  on  the  camera  door  enlarges  and  brings  out  all  corners  of 
the  field  clearly  and  distinctly.  With  this  arrangement  no  shifting  of 
the  camera  is  necessary  where  highly  critical  focusing  is  not  par- 
ticularly desired.6 

Condensers 

Progress  has  been  reported  by  the  Scientific  Bureau  of  the  Bausch 
&  Lomb  Optical  Company  and  confirmed  by  many  users  by  the 
introduction  of  spherically  corrected  condensers.  The  correction  is 
accomplished  by  the  use  of  parabolic  surfaces. 

These  condensers  are  made  for  both,  arc  light  and  Mazda  projec- 
tion. 

For  arc  light  the  condensing  sj^stem  consists  of  a  piano  convex 
spherical  and  a  piano  convex  parabolic  lens.  A  number  of  different 
combinations  are  available  to  suit  different  conditions  in  the  projec- 
tion room.  The  gain  in  illumination  varies  between  12%  and  25% 
with  a  screen  illumination  of  greater  evenness  than  obtainable  with 
the  old  condensers. 

The  Mazda  condenser  consists  also  of  two  components  each  of 
which,  in  this  case,  has  one  parabolic  surface.  This  condenser  takes 
in  a  solid  angle  of  110°  and  is  intended  to  be  used  with  a  concave 
mirror  placed  behind  the  light  source  in  the  usual  way.  Here  the 
gain  of  light  over  the  older  construction  amounts  to  50%. 

Special  heat  resisting  glass  is  used  for  the  lenses  facing  the 
light  source.7 

Stereoscopic  Projection  of  Motion  Pictures 

It  is  reported  that  Mr.  George  K.  Spoor  of  Chicago  has  been 
obtaining  some  very  interesting  results  in  the  stereoscopic  projection 
of  motion  pictures.    No  data  is  available.8 

Sprockets  for  Motion  Picture  Films 

It  is  our  understanding  that  a  paper  is  being  contributed  on  the 
design  of  ''Sprockets  for  Motion  Picture  Film"  so  that  it  is  not  being 
touched  upon  by  the  Committee.9 

5  Contributed  by  L.  C.  Porter. 
G  Contributed  by  J.  H.  McNabb. 

7  Contributed  by  Hermann  Kellner. 

8  Contributed  by  Loyd  A.  Jones  and  Motion  Picture  News  of  Sept.  22nd. 

9  Contributed  by  J.  G.  Jones. 
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Device  for  Projecting  Border 

A  special  apparatus  for  utilizing  the  otherwise  wasted  light 
from  the  projector  produces  a  border  around  the  picture.10 

Water-proof  Screen 

A  water-proof  screen  has  been  developed  producing  promising 
results.11 

Reflector  Arc  Projection  Lamp 

The  reflector  arc  projection  lamp  referred  to  at  the  last  Conven- 
tion has  made  considerable  strides  in  the  past  six  months.  Great 
claims  have  been  made,  but  to  date,  no  real  authentic  data  has  been 
presented.12 

Microscopic  Motion  Pictures 

Work  of  late  has  progressed  on  microscopic  pictures.  No  com- 
plete data  is  available.13 

Automatic  Arc  Projector 

It  is  reported  that  a  new  automatic  arc  projector  is  being  devel- 
oped but  that  it  is  still  in  its  confidential  stage.14 

Incandescent  Lamp  Projection 

Progress  has  been  made  in  standardization  of  light  center  and 
over  all  length  (5  5/8  over  all,  3  inch  light  center)  30 — 50  and  110  volts. 

Continuous  Projection 

Messrs.  Ernest  Leitz  Optical  Works,  Wetzlar,  Germany,  have 
produced  a  continuous  projector  invented  by  E.  Mechau  of  our 
society,  which  is  said  to  have  been  under  theatre  test  for  the  past 
four  years  and  is  now  being  placed  on  the  market. 


18th. 


10  Described  in  the  Motion  Picture  News,  September  1st. 

11  Described  in  Motion  Picture  News,  September  1st. 

12  A  complete  description  is  given  in  the  Motion  Picture  News  for  August 

13  Described  in  Motion  Picture  News  September  8th. 

14  Contributed  by  Max  Mayer. 
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DISCUSSION 

Mr.  Little:  It  is  very  difficult  to  get  progress  material;  it 
all  seems  to  be  confidential  and  it  comes  out  in  the  trade  journals 
before  it  comes  to  this  Society. 

President  Porter:  I  want  to  endorse  what  Mr.  Little  has 
said  about  the  difficulty  of  getting  information.  It  could  become  an 
important  part  of  our  Transactions,  giving  a  brief  account  of  the 
progress  of  our  industry.  Unfortunately,  he  cannot  travel  around 
and  find  out  what  people  are  doing. 

Mr.  Renwick:  I  am  not  sure  whether  I  understand  the  plan 
on  which  the  Progress  Committee  does  its  work,  but  two  advances 
have  been  recorded  in  the  past  year  which  are  not  mentioned  in 
the  report.  In  Paris,  successful  demonstrations  of  color  Kine- 
matography  by  the  Keller  Dorian-Berthon  method  were  given 
and  a  novel  method  of  stereoscopic  projection  was  shown  in  London 
by  E.  Sanger  Shepherd  at  a  Royal  Society  soiree.  I  think  some 
mention  might  have  been  made  of  these  in  the  report. 

Mr.  Little:  May  I  ask  that  Mr.  Renwick  supply  an  abstract 
of  the  two  articles  just  referred  to? 

(REFERENCES 

Stereoscopic  Projection,  B.  J.  Phot.  June  29,  1923,  p.  405. 
Keller-Dorian,  B.  J.  Phot.  March  2,   1923,  p.   10.     Color  Supplement, 
Also,  B.  J.  Phot.  Jan.  25,  1923,  p.  49. 

Mr.  Richardson:  I  have  more  of  this  report  to  present  in  the 
shape  of  slides.  Our  Chairman  is  right.  It  is  very  hard  to  get 
material  of  this  kind.  Frequently,  I  am  called  to  one  of  the  plants, 
with  a  warning  that  nothing  must  be  said  about  a  thing  until  I  am 
given  permission.  Sometimes  they  want  only  an  opinion  on  some- 
thing and  don't  want  it  mentioned;  also  because  the  new  device  will 
replace  apparatus  at  present  on  the  market.  It  is  like  a  film;  it  must 
not  be  described  in  detail  until  it  is  released,  for  very  good  reasons. 

Mr.  Capstaff:  I  was  wondering  if  the  Abstract  Bulletin  that  our 
Laboratory  publishes  monthly  would  not  be  of  assistance  to  Mr. 
Little.  There  we  abstract  all  articles  of  importance  in  connection 
with  photography,  and  in  addition  have  short  abstracts  of  all  photo- 
graphic patents.  That  is  published,  as  I  say,  once  a  month,  and 
it  might  be  helpful  to  Mr.  Little  if  we  put  his  name  on  our  mailing 
list  and  send  him  a  copy.  I  am  almost  certain  that  the  articles 
mentioned  by  Mr.  Renwick  are  mentioned  in  it. 

Mr.  Richardson:  I  was  requested  by  the  Martens  Binocular 
Company  to   present  a  brief  description  of  their  device  together 
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with  slides  illustrating  its  action.  It  is  obvious  that  the  light  which 
is  cut  off  by  the  usual  rotating  shutter  of  the  projection  machine  is 
not  utilized  for  projecting  the  picture  on  the  screen,  and  this  device 
provides  a  means  of  using  light  which  ordinarily  is  absorbed  by  the 
shutter.  Suppose  we  are  looking  down  upon  the  projector,  the  plan 
of  the  optical  parts  may  be  described  as  follows:  Between  the 
condensing  lens  and  the  gate  of  the  projector  is  located  an  auxiliary 
shutter,  the  plane  of  which  is  set  at  an  angle  of  45°  at  the  optical 
axis  of  the  projector.  The  wings  of  this  auxiliary  shutter  are  the 
same  as  those  of  the  regular  projector  shutter  only  a  little  wider. 
These  two  shutters  are  set  so  as  to  run  in  synchronism  with  each  other. 
The  side  of  the  auxiliary  shutter  facing  the  light  source  is  a  mirror 
surface  and  when  one  of  the  wings  of  this  shutter  goes  into  the 
optical  axis  the  light  is  reflected  from  the  surface  of  the  shutter  at 
an  angle  of  90°  to  the  optical  axis  of  the  projector.  A  stationary 
reflector  is  set  to  one  side  in  such  a  position  as  to  pick  up  this  reflected 
beam  and  turning  it  through  90°  throws  it  forward  parallel  to  the 
axis  of  the  projector.  The  auxiliary  projection  lens  is  placed  in  this 
beam.  As  the  rotating  shutter  of  the  projector  covers  the  lens,  the 
auxiliary  shutter  goes  into  position  and  reflects  the  light  through 
the  auxiliary  projection  lens.  At  a  proper  point,  is  located  a  lantern 
slide  holder  which  the  auxiliary  lens  projects  on  to  the  screen  forming 
a  border  for  the  picture.  Arrangement  is  made  whereby  this  border 
can  be  changed  very  quickly  to  any  one  of  four  different  designs 
and  the  color  can  be  changed  at  will  by  inserting  light  filters  (several 
slides  were  shown  illustrating  the  type  of  borders  which  it  is  pro- 
posed to  use) .  Mr.  Rothapf el  thinks  so  well  of  this  that  he  is  working 
with  the  Marten  people  and  has  been  for  more  than  a  month.  This 
week  and  next  it  will  be  shown  on  the  screen  for  "The  Green  God- 
dess," and  those  of  you  from  Xew  York  can  see  it. 

The  general  plan  is  to  make  special  settings  for  each  picture 
so  that  the  setting  will  fit  the  various  scenes  (further  slides  shown). 
These  slides  were  made  only  hurriedly,  merely  to  show  the  different 
types  of  settings.  There  is  something  very  remarkable  about  this 
which  I  am  frank  to  sslj  I  do  not  understand.  Mr.  Marten  is  a 
Canadian  and  lives  in  Toronto,  and  the  original  corporation  handling 
this  is  Canadian  but  have  their  studio  in  New  York  and  are  planning 
to  form  a  compam-  in  the  United  States.  Mr.  Marten  wanted  me  to 
look  at  this,  and  I  did  so  and  was  astonished  to  see  what  I  did  in  the 
screening  room,  I  said  I  would  not  discuss  it  until  I  saw  it  in  a  large 
theatre,  so  he  arranged  a  demonstration  in  Union  Hill,  N.  J.  I 
was  literally  astonished  at  what  I  saw.  When  they  cut  off  the  border 
the  picture  went  dead,  and  when  he  put  it  on  the  picture  was  brighter 
and  had  a  distinct  stereoscopic  effect ;  I  don't  mean  that  this  latter 
is  anything  startling,  but  is  sufficiently  pronounced  that  a  number 
of  people  have  remarked  on  it.  I  think  it  will  be  an  important 
feature.  I  believe  it  will  work  out  into  the  production  of  settings 
for  all  the  worth  while  "features."  I  was  asked  by  the  Martens  people 
to  present  this  to  you,  and  I  am  glad  to  do  it  because  I  think  it  is  one 
of  the  coming  things. 
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Mr.  Brown:  I  was  fortunate  enough  to  see  this  light  border 
thrown  around  a  motion  picture  at  the  Capitol  Theatre  a  few  weeks 
ago.  A  trout  stream  with  fishermen  was  shown.  From  rather  far 
back  in  the  theatre  center,  the  effect  was  that  of  a  clear  window 
opening  into  the  North  Country.  The  screen  had  disappeared. 
The  illusion  of  depth  was  astounding. 

Mr.  Crabtree:  What  is  the  advantage  of  this  scheme  over 
projecting  through  a  stereopticon? 

Mr.  Richardson:  You  can  project  it  through  a  stereopticon, 
and  Mr.  Rothapfel  is  doing  this  for  since  the  blades  must  be  wider 
than  the  blades  of  the  regular  shutter  some  light  is  lost. 
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REPORT  OF  PAPERS  COMMITTEE 

THE  PAPERS  Committee  as  a  rule  has  very  little  to  say  in  the 
way  of  a  report.    The  printed  program  you  have  is  really  the 

report  of  our  committee.  I  have  a  few  other  things,  however, 
which  I  should  like  to  bring  to  your  attention. 

In  the  first  place,  the  function  of  a  committee  is  to  serve  the 
Society  and  to  give  the  Society  what  it  wants.  The  Society  is 
composed  of  individuals,  who,  while  they  are  drawn  together  by  com- 
mon interests,  have  very  different  fields  of  activity  and  points  of 
view.  Undoubtedly,  each  of  you  has  some  particular  subject  in 
which  you  are  more  interested  than  in  others.  Unfortunately,  the 
Papers  Committee  can  not  read  your  minds  and  unless  you,  as  mem- 
bers of  the  Society,  will  aquaint  the  Papers  Committee  with  your 
particular  desires,  you  must  be  content  with  what  the  committee 
gives  you.  The  Committee  has  an  obligation  to  the  Society  and 
likewise  the  Society  has  an  obligation  to  its  Committee;  that  is, 
to  inform  the  Committee  as  to  the  type  of  papers  and  program  it 
would  like  to  have. 

In  the  past  two  years  I  have  made  many  attempts  to  obtain 
suggestions  from  members  relative  to  the  type  of  program  they 
preferred.  A  large  number  of  letters  have  been  written  and  very 
few  replies  received.  There  is  probably  no  one  in  the  organization 
who  is  entirely  familiar  with  all  phases  of  motion  picture  engineering ; 
some,  of  course,  have  broader  views  than  others.  Unfortunately,  I 
am  not  in  close  touch  with  all  phases  of  activities  which  properly 
should  be  included  in  the  scope  of  this  society's  work.  The  committee 
can  only  get  the  information  necessary  to  make  the  programs  interest- 
ing and  profitable  from  the  various  members  of  the  Society  who 
are  in  touch  with  the  developments  throughout  the  various  fields. 
Every  individual  member  of  the  Society  should,  therefore,  feel  that 
it  is  his  personal  duty  to  bring  to  the  attention  of  the  Papers  Com- 
mittee any  particular  new  and  interesting  development  in  the  field 
of  motion  picture  engineering  with  which  he  may  be  familiar. 

It  has  been  suggested  that  while  we  are  in  session  here  in  Ottawa 
it  would  be  an  excellent  time  to  gather  suggestions  for  the  program  of 
the  next  meeting.  The  convention  naturally  promotes  interest  in 
the  work  of  the  Society  and  the  reading  of  each  paper  probably 
suggests  to  each  of  you  some  further  information  or  work  along 
similar  lines.  As  you  talk  over  your  work  with  each  other,  undoubt- 
edly ideas  for  interesting  papers  occur  to  you.  It  seems,  therefore, 
that  this  is  a  time  particularly  suitable  for  collecting  information  for 
use  in  arranging  future  programs.     We  have  prepared  cards  which 
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we  propose  to  distribute  with  the  request  that  you  jot  down  any 
suggestions  which  may  occur  to  you,  either  as  to  subjects  on  which 
you  would  like  to  hear  papers,  or  as  to  speakers  from  whom  you 
should  like  to  hear.  Neither  have  we  neglected  to  provide  a  place 
where  you  can  indicate  the  possibility  of  your  own  work  leading  to 
something  for  presentation  to  the  Society  on  future  occasions.  There 
seems  to  be  an  entirely  unjustified  modesty  on  the  part  of  many  of 
our  members  in  voluntarily  offering  to  prepare  papers  for  these 
meetings. 

You  can  not  expect  your  Papers  Committee  to  invite  you  to  give 
a  paper  if  they  have  no  means  of  finding  out  what  you  are  doing.  So 
take  these  cards  and  fill  them  in  so  that  your  Papers  Committee  will 
have  the  benefit  of  your  assistance  and  co-operation.  It  is  up  to  you 
as  members  to  make  this  Society  what  you  want  it  to  be. 
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REPORT  OF  EDUCATIONAL  COMMITTEE 

THREE  significant  events  in  the  field  of  Visual  Instruction  have 
occurred  since  our  last  report : 

1.  At  the  request  of  the  Motion  Picture  Producers  and  Distrib- 
utors of  America,  the  Will  Hays  organization,  the  National  Educa- 
tional Association  appointed  a  committee  of  prominent  educators  to 
investigate  the  possibilities  of  the  use  of  motion  pictures  in  education. 

Prof.  Charles  H.  Judd  of  the  University  of  Chicago,  Dr.  Ernest 
L.  Crandall,  Director  of  Visual  Instruction  of  the  New  York  Public 
Schools,  Leonard  P.  Ayres,  Vice-president  of  the  Cleveland  Trust 
Company,  and  others  have  served  on  this  Committee.  The  Hays 
organization  furnished  a  fund  of  $5,000  for  the  committee  to  use.  The 
Committee  has  made  a  preliminary  report.  No  conclusive  results 
have  been  obtained  as  yet. 

2.  At  the  Convention  of  the  National  Educational  Association 
held  in  Oakland,  California,  July,  1923,  the  Visual  Instruction  Associa- 
tion of  America  massed  all  the  Visual  Instruction  exhibits  into  a 
significant  display.  This  was  constructive  work  and  called  special 
attention  of  the  educators  who  attended  the  Convention  to  the  types 
of  material  and  equipment  that  are  available.  This  included  charts, 
slides,  stereographs,  maps,  and  motion  pictures. 

3.  At  the  same  Oakland  Convention,  the  National  Educational 
Association  recognized  Visual  Instruction  by  organizing  a  special 
Visual  Instruction  Association  Section  of  the  National  Educational 
Association. 

E.  K.  Gillett 
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REPORT  OF  RECIPROCAL  RELATIONS  COMMITTEE 


I  TAKE  pleasure  in  presenting  the  list  of  Publications  promised  at 
the  last  meeting  in  Atlantic  City. 

While  many  of  these  do  not  deal  directly  with  the  cinema  art, 
they  are  all  of  some  interest  to  the  engineer  and  contain  from  time  to 
time  matter  of  great  interest  to  the  motion  picture  industry. 

I  am  indebted  to  M.  Paul  Montel  of  Paris  for  the  bulk  of  the 
European  information. 

List  of  Principal  Periodicals 

Amateur  Photographer  and  Pnotography 

American  Photography 

Annales  de  Chimie 

Annales  de  Chimie  analytique 

Annales  de  Physique 

Annalen  der  Physik 

Astrophysical  Journal 

British  Journal  of  Photography 

Bulletin  de  l'association  Beige  de  Photographie 

Bull,  de  la  Societe  Francaise  de  Photographie 

Camera 

Central  Zeitung  fur  Optic  und  Mechanik 

Chimie  et  Industrie 

Comptes  rendus  de  l'Academie  des  Sciences 

II  Corriere  fotografico 

Journal  of  the  Franklin  Institute 

Journal  of  the  Optical  Society  of  America 

The  Journal  of  Physical  Chemistry 

Journal  of  the  Royal  Society  of  Arts 

Die  Kinotechnik 

Abstract  Bulletin,  Eastman  Research  Lab. 

Nature 

Nordisk  Tidskrift  for  Fotografi 

Monthly  Notices  of  the  Royal  Astronomical  Soc. 

Nuovo  Cimento 

The  Optician  and  Scient.  Instrument  Maker 

Photographic  Abstracts 

Photo-Era 

Die  Photographische  Industrie 

Photographic  Journal 

Photographic  Journal  of  America 

Photographische  Korrespondenz 
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London 

Boston 

Paris 

Paris 

Paris 

Leipzig 

Chicago 

London 

Bruxelles 

Paris 

Lucerne 

Berlin 

Paris 

Paris 

Milan 

Philadelphia 

Philadelphia 

Ithaca,  N.  Y. 

London 

Berlin 

Rochester 

London 

Stockholm 

London 

Pisa 

London 

London 

Wolfboro,  N.  H. 

Berlin 

London 

Philadelphia 

Vienna 


Proceedings  of  the  Royal  Society  London 

Le  Procede  (procedes  photomecaniqu.es)  Paris 

II  Progresso  fotografico  Milan 

Revue  Francaise  de  Photographic  Paris 

Revue  d'optique  Theorique  &  Instrumentale  Paris 

Scientific  American  New  York 

Science,  Technique  &  Industries  Photographiques  Paris 

Transactions  of  the  Society  M.  P.  E.  New  York 

Transactions  of  the  Optical  Society  London 

Zeitschrift  fur  Physik  Berlin 

Zeitschrift  fur  technische  Physik  Leipzig 

The  list  submitted  is  not  complete  but  will  serve  as  a  beginning 
of  a  compilation  of  sources  where  anyone  interested  may  look  for 
Scientific  progress  in  all  parts  of  the  world. 
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Lakewood  Farm  Inn 

Roscoe,  N.  Y. 

HAS  BEEN  SELECTED 
FOR  THE 

Spring  1924  Convention 

May  19,  20,  21,  22 


The  papers  committee  has  a  promis- 
ing indication  of  a  most  interesting 
programme. 

All  amusements,  Bowling,  Billiards, 
Dancing,  Orchestra,  Trapshooting, 
Water  Sports,  Tennis,  Saddle- 
Horses,  9  Hole  Golf  Course. 

Elevation  2700  feet  above  sea. 


^y2  Hours  to  Nezv  York  City 
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Advertising 
Section 


Over  200,000,000  feet  of 

POWERS 
POSITIVE  FILM 

have  been  used  by  the  motion  picture 
industry.  With  newly  increased  facili- 
ties we  are  prepared  to  manufacture 
over  5,000,000  feet  weekly  during  1924. 

The  new  POWERS  FILM  embodies 
all  modern  refinements  known  to  motion 
picture  film  manufacture.  Ask  your 
laboratory  to  tell  you  about  its  brilliancy 
and  sparkle — its  faithful  reproduction 
of  tones,  of  light  and  shade,  no  matter 
how  delicate — its  increased  durability. 

Then  let  us  show  you  how  you 
can  effect  large  savings  by  specifying 
POWERS  FILM.  You  will  find  it 
profitable  to  say, 


a 


Print  It  On  Powers" 


POWERS  FILM  PRODUCTS,  Inc. 

723  Seventh  Ave.,  New  York 

Factory  and  Laboratories,  Rochester,  New  York 


TRADE  MARK.  REGISTERED.  U.  S .  PAT.  OFF  JUIY  25. 1916 . 


It  is  universally  admitted  that  the  carbon  arc 
is  the  only  source  of  light  that  will  properly  illu- 
minate the  screen  in  all  but  the  smallest  theatres, 

Because  of: 

The  quantity  of  light  produced. 

The  quality  of  the  light. 

The  evenly  illuminated  screen  surface. 

The  absence  of  trouble  from  a  reflected  image. 


To    produce    such    results    requires 
source  of  direct  current. 


properly    controlled 


The   Transverter   does    all    this    economically   and    with    the 
greatest  simplicity  of  operation. 

Write  to  us  for  further  details  or  consult  our  nearest  dealer. 


The  Transverter  is  applicable  to  the  reflecting  mirror  arc 
and  to  cover  such  requirements  two  sizes  are  now  offered,  the 
one  a  capacity  of  10  to  20  amperes  and  the  other  of  20  to  30 
amperes. 


THE  HERTNER  ELECTRIC  COMPANY 

1905  West  114th  Street     -     Cleveland,  Ohio 

Canadian  Distributors 

PERKINS  ELECTRIC  LIMITED 

Toronto     -     Montreal     -     Winnipeg 


II 


PRESENTATION  OF 
THE  PICTURE 

is  an  important  part  of  showmanship 

and  we  ask  the  assistance 

of  the 

SOCIETY  OF 
MOTION  PICTURE  ENGINEERS 

in  promoting  the 
idea  that 

BETTER  PROJECTION  PAYS 


J^NICHOLAS  POWER  COMPANY 


III 


Typical  Laboratory  Set-Up  for   Testing  Projection 
Lamps  and  Apparatus 

An  Engineering  Service 


900  and  300  wait 
28-30  volt  lamps 


1000  and  400  watt 
110  volt  lamps 


If  you  want : 

Expert  engineering"  advice  on : 

1.  Film    Laboratory    lighting 
equipment. 

2.  Lighting"  requirements  for 
all  types  of  projectors. 

3.  Theatre    and    stage    light- 


4.  Studio  lighting, 


Make  use  of  the  services  of  our  Light- 
ing Service  Engineers,  who  are  quali- 
fied by  training  and  experience  to 
assist  manufacturers,  producers  and 
exhibitors  on  their  lighting  problems. 
No  charge. 


EDISON 

MAZDA  LAMPS 

Edison  Lamp  Works  of  G,  E.  Co. 

Harrison,  N.  J. 


IV 


The  "NEWS"  is  the  leading  trade 
paper  in  the  industry. 

This  is  not  a  claim — it  is  a  fact. 


There  are  in  all  not  over 
14,000  theatres  showing  pic- 
tures today. 

8132  individuals  and  cor- 
porations controlling  12,500 
theatres  pay  their  subscrip- 
tions to  the  NEWS  and  have  it 
delivered  to  them  each  week. 

This  comes  very  near  "sub- 
scription saturation"  —  12^ 
out  of  every  14  houses.  A 
record  to  be  proud  of. 


Motion  Picture  News 

729  7th  Avenue  New  York  City 


IN  the  development  of 
the  motion  picture  in- 
dustry Eastman  Film 
pioneered — it  was  East- 
man  Film  that  first 
made  motion  pictures 
possible. 


EASTMAN  KODAK  COMPANY 

Rochester,  N.  Y. 


VI 


G-E  Equipment 

for  the  Motion  Picture  Industry 


The  equipment  developed  by  the  General  Electric 
Company  for  the  motion  picture  industry  includes : 

G-E  Incandescent  Lamp  Projector 

G-E  High  Intensity  Arc  Lamp 

G-E  Compensarcs 

G-E  150  amp.  High  Intensity  Studio  Searchlight 

G-E  apparatus  possesses  a  reliability  and  efficiency 
such  as  is  assured  only  by  skill  in  design,  care  in 
manufacture  and  rigid  service  tests.  G-E  design  is 
the  result  of  painstaking  research  to  meet  the  re- 
quirements of  the  motion  picture  industry. 

Any  G-E  office  will  furnish 
detailed  information 


General  Electric  Company 

Schenectady.  N.  Y. 
Sales  Offices  in  All  Large  Cities 

GENERAL  ELECTRIC! 


VII 


Advantages 

Westinghouse  Two- Arc  Multiple 
Motion  Picture  Motor-generator 
Equipment  is  not  only  a  dependable 
source  of  direct  current  for  the 
projection  machines,  but  more — it 
provides  for  operating  the  projection 
machine,  stereopticon,  and  a  spot  or 
flood  simultaneously.  This  is  one 
reason  why  the  Palace  Million 
Dollar  Theatre  in  Dallas,  and 
hundreds  of  other  first-class 
theatres  use  Westinghouse  equip- 
ment. 

Write  our  distributors  for  Circular 
No.  1640 

Westinghouse  Electric  & 
Manufacturing  Co. 


East  Pittsburg, 


Pennsylvania 


WESTINGHOUSE 
DISTRIBUTORS 

NEW    YORK   CITY 
Howells    Cine    Equipment    Co., 
729    7th   Ave. 

BOSTON,    MASS. 
Eastern    Theatre    Equip.    Co. 
PHILADELPHIA,    PA. 
Williams,   Brown   &   Earle    Co., 
918  Chestnut  St. 

BUFFALO,   N.   Y. 
Becker  Theatre    Supply    Co. 

PITTSBURGH,  "PA. 
The  S.   &  S.  Film  &  Supply  Co., 
Forbes  St. 

DENVER,   COLO. 
The   Denver  Theatre   Supply  Co. 

OMAHA,    NEB. 
Cole   Theatre    Supply    Co. 

KANSAS    CITY,    MO. 
Cole    Theatre   Supply    Co. 
DALLAS,  TEXAS 
Lucas   Theatre   Supply    Co. 

LOS   ANGELES,    CAL. 
Pacific    Amusement   Supply    Co. 

PORTLAND,    ORE. 
Service  Film   &  Supply  Co. 
SEATTLE,    WASH. 
The    Theatre    Equipment    Co. 

ATLANTA,    GA. 
Lucas   Theatre   Supply    Co. 

AUBURN,    N.    Y. 
Auburn   Film    Co. 

MINNEAPOLIS,    MINN. 
The   Rialto    Co. 

CLEVELAND,   OHIO 
The  Art  Film  Studios 

SAN    FRANCISCO,    CAL. 
Theatre    Equipment    Sup.    Co. 


Westinghouse 
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WESTINGHOUSE  LAMP  COMPANY 

165  BROADWAY,  NEW  YORK  CITY 

Sales  Offices  and  Warehouses  Throughout  the  Country 
For  Canada:  CANADIAN  WESTINGHOUSE  CO.,  Ltd.,  Hamilton,  Canada 


The  "NEWS"  is  the  leading  trade 
paper  in  the  industry. 

This  is  not  a  claim— it  is  a  fact. 


There  are  in  all  not  over 
14,000  theatres  showing  pic- 
tures today. 

8132  individuals  and  cor- 
porations controlling  12,500 
theatres  pay  their  subscrip- 
tions to  the  NEWS  and  have  it 
delivered  to  them  each  week. 

This  comes  very  near  "sub- 
scription saturation"  —  12^4 
out  of  every  14  houses.  A 
record  to  be  proud  of. 


Motion  Picture  News 

729  7th  Avenue  New  York  City 
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The  service  of  our  engineers  and  results  of 
their  research  and  practice  are  available  on 
request.     No  charge  is  made  for  this  service. 


There  is   a   right  Edison   Mazda   Lamp 
for  every  class  of  projection  tvvrk. 


Edison  Lamp  Works  ' 


of  General  Electric  Co. 
Harrison,  N.  J. 
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Complete  Equipment 
for  the  Projection  Room 

The  General  Electric  Company  manufactures 
the  following  material  for  superior  projection  of 
motion  pictures : 

G-E  Incandescent  Lamp  Projector 
G-E  High  Intensity  Arc  Lamp 
G-E  Alternating  Current  Compensarc 
G-E  Motor  Generator  Compensarcs 

(A.  C.  to  D.  C.  &  D.  C.  to  D.  C.) 

G-E  apparatus  is  safe,  easy  to  operate,  effi- 
cient, economical  and  reliable.  G-E  offices  or 
distributors  everywhere  are  able  to  give  prompt 
deliveries  and  satisfactory  service.  Literature 
on  all  types  of  apparatus  on  request. 

GENERAL  ELECTRIC  COMPANY 
Schenectady,  N.  Y. 


General(®)Electric 


General  Office 
Schenectady,  N.Y 


Company 


Sales  Offices  in 
all  large  cities 


35C-82 


Iran^ferteR 

TRADE.  MARK 

The  Motor  Generator  That 
Produces  Perfect  Arcs 


Adjustment  for   Amperes&i 


D.    C.£2T 
Generator 


"g^ Meters   Show- 
Volts   and   Amperes 


Full  Control  of 
Arcs  with  the 
Switches  on  side 
of  Projection  Ma- 
chine. No  Com- 
plicated Moves. 
No  Chance  for 
Mistakes. 


All  Arcs  in   Series,  Two  or  More 
Any  Two    Simultaneously,   Same   Amperes   in    Each   Arc 

Gives  a  Perfect  Dissolve 

Trans VerteR  (double  arc  type),  furnishes  two  perfect  arcs  in  series  simul- 
taneously.     Each   is   of   the   same   amperage  and   light   value. 

In  striking  the  second  arc  the  one  showing  is  not  disturbed  in  the  slightest 
degree.  This  gives  a  perfect  dissolve.  No  ballast  is  used  as  automatic  voltage  is 
provided. 

The  projectionist,  by  a  slight  turn  of  a  convenient  control  handle,  can  instantly 
increase  or  decrease  the  amperage  generated  and  furnished  to  the  arc,  thus  ob- 
taining  the    light   best   adapted   for  the   film   being    shown. 

Write  for  Literature 

THE  HERTNER  ELECTRIC  CO. 

1900  West  112th  Street,  Cleveland,  Ohio 


Canadian   Distributors 

PERKINS  ELECTRIC,  Ltd. 


Phillips   Square 
MONTREAL 


217  McDermot  St. 
WINNIPEG,   MAN. 


12  Temperance  St. 
TORONTO 
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EASTMAN 
POSITIVE  FILM 


Adds  good  photography  to  picture 
interest — gives  that  truthful,  accurate 
reproduction  that  is  only  possible 
when  the  reproductive  scale  of  the 
positive  material  parallels  that  of  the 
negative.  That's  why  Eastman  Posi- 
tive Film  carries  quality  through  to 
the  screen. 


Eastman  Film,  both  regular  and 
tinted  base — now  available  in  nine 
colors,  is  identified  throughout  its 
length  by  the  words  "Eastman" 
"Kodak"  stenciled  in  black  letters 
in  the  transparent  margin. 


EASTMAN  KODAK  CO 

ROCHESTER,  N.  Y. 
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